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I graduated in Biological Sciences at the University of 
Pisa, Italy, in 1968. I work in Istituto Farmaceutico 
Gentili as Director of the Research Center. I am a 
member of Societa Italiana del Metabolismo Minerale (I- 

talian Society of Mineral Metabolism), of the American 
Society for Microbiology, of Societa Italiana di Farma- 
cologia e tossicologia (Italian Society of Pharmacolo¬ 
gy and Toxicology). As Director of the Research Center, 

I am responsible for the pharmacological and toxicolo¬ 
gical researches, as well as for the researches of cli¬ 

nical pharmacology. 

In this capacity I had the opportunity to follow exhaus¬ 
tively all the pharmacological experiments carried out 

with the compounds that are the subject of the above- 
identified application. 

The diphosphonates belong to a new class of pharmacolo¬ 
gical agents introduced into the clinical practice dur¬ 
ing the last years for the treatment of the diseases 
characterized by a relative or absolute increase of bo¬ 
ne reabsorption. Their administration causes a quick 
dicrease of hydroxyprolinuria and calciuria, parameters 
related to bone reabsorption, and a slower decrease of 
alkaline phosphatasemia, which is an index of osteoblas- 
activity and therefore of bone neoformation. 
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The up-to-now studied diphosphonates are ethidronate, 
chlodronate, amino-propane diphosphonate (APD), amino- 
butane diphosphonate (AHBuBP). 

Although all these compounds possess a similar antioste- 
oclastic activity, they are markedly different as far as 
the mechanism of action, the dose- effect ratio and the 
side effects are concerned.. 1 

The amino derivatives (amino-propane; amino-butane) are 
generally much more active than the others, and the phar 
macological investigations carried on by Prof. Fleisch 
(Institut of Pathophysiology of Berne CH) haveshown (Ta¬ 
ble 1) that AHBuBP has an activity more than 100 times 
higher than that of Cl 2 M B P (Clodronate). Also in com¬ 
parison with other amino-derivatives like APD the AHB 
uBP has shown an activity 10 times higher and more it 
should be noted that the clinical use of APD has been 
limited by the observation that it causes a decrease in 
blood lymphocytes and the occurrence of fever. 

On these grounds, we have submitted product AHBuBP to 
clinical investigations on tens of patients affected by 
tumoral osteolisis and mieloma, and we have been able 
to ascertain that doses of 1 or 2.5 mg/die allow a po¬ 
sitive response to the drug, whereas in order to have 
similar responses doses of at least 300 mg/die of Clo¬ 
dronate (Cl^MDP) must be administered. 

Besides this difference in the activity of the two 
drugs, it was also noted that AHBuBP displayed a sur¬ 
prisingly and unforeseeably longer activity than Cl 2 
MBP. As a matter of fact, a 5-6 day treatment cause 
positive effects that last for weeks or months after 
treatment, whereas C1 2 MBP must be administered conti¬ 
nuously in order to maintain the therapeutic effect. 

This characteristic has been observed till now only for 
AHBuBP, the high activity of which could not be fore¬ 
seen on the grounds of the experiences carried out on 
diphosphonates in the past. 


In particular, we have studied-8 patients affected by 
multiple mieloma (MM), with diffused osteolitic lesions 
and strong bone pain. Hypercalcemia, calciuria, creati- 
nemia, phosphatemia, serum alkaline phosphatase and hy~ 
droxyprolinuria were accurately monitored in all the pa 
tients. The patients were submitted to ABDP treatment, 
in a dose of 2.5 mg i.v./die for 5 days every third- 
fourth month, in addition with VCAP polychemotherapy. 
All the patients noted a remarkable improvement or dis¬ 
appearance of bone pains within the first 5-6 days from 
the beginning of ABDP administration. Hydroxyprolinuria 
calciuria, hypercalcemia - the main signs of bone reab¬ 
sorption —, that were high or at the upper limits befo¬ 
re the treatment, reached normal limits during and aft¬ 
er ABDP administration. The progress of osteolitic le¬ 
sions ceased and sometimes their extension decreased; 
we have also evidence of the recomposition of patholog¬ 
ic fractures in 2 cases. No side effects were observed. 
Therefore, we think»that ABDP is effective in reducing 
the extension of osteolisis of MM, and probably also in 
delaying the formation of new osteolitic foci: moreover 
the lowering or block of bone absorption, and therefore 
the remission of pain seem to persist for a long time 
after the administration of the drug is discontinued; 
while other diphosphonates have an activity limited to 
the period of treatment. 


TABLE 1 


Amount in mg P/kg 0.01 s.c. 0.1 s.c. 1.0 s.c. 10.0 s.c. 2.0 p.o. 

NaCl Controls 29.72 (17) 28.45 (12) 

+3.82 +3.22 

Cl MBP 38,21 (6) 47.00 (6) 52.65 (6) 31.20 (8) 

2 +5.31 +4.69 +5.64 +2.45 

AHPrBP 39.53 (7) 50.31 (6) -■ —-- - 33.72 (6)’ 

+3.60 +5.08 +6.51 

AHBuBP 48.96 (7) 58.17 (5) 60.00 (4) r-- 43.80 

+3.82 +2.55 +5.78 +10.48 (7) 

AHPeBP 37.85 (7) 50.44 (6) 56.47 (6) 38.70 

+5.03 +5.36 +4.08 +6.15 (6) 

AHHexBP 38.12 (7) 46.96 (5) 54.93 (5) 34.69 

, +1.95 +5.32 +5.91 +7.38 (9) 

Effect pf various ami'nobisphosphonates administered for 7 days to rats on the 
metaphyseal density (% volume of calcified tissue). 
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Dear Dr. Rosini, 

This letter is to answer your question about the position of 
4—amino—1-hydroxybutylidene—1,1-bisphosphonate (AHBuBP) with 
respect to other bisphosphonates. 

As you know from the results I sent you earlier, AHBuBP was 
found to be extremely active in inhibiting bone resorption 
in the rat. Hie effect was tested by measuring morphologically 
in a quantitative way the amount of bone present in the 
metaphysis after the administration during 7 days of the 
compounds. In this test system, AHBuBP was active already 
at a concentration of 0.001 mg P/kg given s.c. AHBuBP was 
about ten times more active than the other bisphosphonates 
tested, namely 3-amino-1-hydroxypropylidene-1,1-bisphosphonate 
(AHPrBP), 5-amino-1 -hydroxypentylidene-1,1-bisphosphonate 
(AHPeBP) and 6-amino-1-hydroxyhexylidene-1,1-bisphosphonate 
(AHHexBP). It was about 100 times more active than dichloro- 
methylenebisphosphonate (C^MBP) . 

Later results where we tested the effect of the bisphosphonate 
on resorption by its action on the the hypercalcemia induced 
in thyroparathyroidectomized rats by a synthetic retinoid 
also showed that AHBuBP was extremely active, inhibiting this 
increase at a concentration of 0.001 mg P/kg. Also in this 
test, the AHBuBP was more active than AHPrBP. 

Interesting was the result that the local toxicity as 
measured by necrosis at the site of injection was less for 
AHBuBP than for AHPrBP. However, it was more than for 
AHHexBP and AHPeBP, so that it seems that this type of 
toxicity goes down the longer the side chain. 

From these results it would appear that AHBuBP is a very 
interesting new compound, since it shows a larger efficacy 
toxicity margin than either AHPrBP or AHHexBP, at least when 
toxicity is determined by local necrosis. Furthermore, 

AHBuBP is the strongest compound known up to date in the 
literature in inhibiting bone resorption. Therefore, I 
think it is a compound which merits further development in 
view of an introduction for clinical administration in 
metabolic bone disease. 


\ 


1 






605.9.IS.17 


You asked me the question whether the effect of this compound 
could have been foreseen and whether in the future the 
effect of new bisphosphonates could be foreseen from what we 
know today. My answer to this question is no. As you can 
see from the publications I send you enclosed (1-5), we 
have tested in the past a great variety of bisphosphonates 
in order to find out a possible structure-effect relationship. 
And as you see from the results, we have unfortunately not 
been able to unveil such a relationship. Indeed, an even 
small change in the side chain can induce a strong alteration 
of the effect. Furthermore, at least for bone resorption, 
no correlation could be detected between the effect on 
crystal dissolution in vitro and the effect on resorption in 
vivo. With respect to the inhibition of mineralization, a 
certain correlation has been found in the sense that 
compounds which do inhibit bone mineralization in vivo, are 
always inhibitors of apatite crystal formation in vitro. 
However, the contrary is not always true since even compounds 
which are good inhibitors of crystal formation, in vitro, do 
not necessarily inhibit bone mineralization in vivo. 'This 
lack of any structure-effect relationship with bone resorption 
led us to the view that the P-C-P part of the compound, if 
important at all, would only give the compound its bone 
tropism, while the cellular effect would be due to the side 
chain. In view of to-day's knowledge it is even not sure 
that the P-C-P moiety is necessary at all for the inhibition 
of bone resorption and it could well be that in the future 
compounds showing another structure than P-C-P but the 
correct side chain might be effective as well. 

Therefore, in my view, and I stressed this repeatedly in my 
talks on this subject, the bisphosphonates should not be 
treated as a class of compounds with a specific effect, but 
the view should be taken that every bisphosphonate is a new 
compound with its own way of action, its own potency and 
its own toxicology. This latter point is important for the 
development of new clinical compounds, since extrapolating 
toxicological data from one bisphosphonate to another might 
be totally misleading. 

I hope that this information will be of use to you and I 
remain with kind regards. 


Yours sincerely. 



Prof. H. Fleisch 
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Structure-Activity Relationships of Various Bisphosphonates 

H. Shinoda 1 *, G. Adamek'. R. Felix 1 , H. Fleisch*. R. Schenk 2 , and P. Hagan 3 


'Department of Pathophysiology and department of Anatomy. 
’Procter & Gamble Company. Cincinnati. Ohio. USA 

Summary. A variety of bisphosphonates with ali¬ 
phatic side chains of increasing length, as well as 
3-amino- l-hy droxypropylidene-1,1-bisphosphonate 
(AHPrBP, formerly APD), dichloromethylene- 
bisphosphonate (CLMBP. formerly CLMDP), and 
dibromomethylene bisphosphonate (Br 2 MBP, for¬ 
merly Br 2 MDP), were compared in vitro and in vivo 
to find (aj a possible relationship between structure 
and activity in order to give some indication about 
their mechanism(s) of action on bone and (b) the 
most efficient and safe compound having an effect 
on bone resorption. Some relationship was found 
between inhibition of calcium phosphate precipita- 
I / tion in vitro and of mineralization in vivo. No cor¬ 
relation existed, however, between any parameter 
measured an d bone resorpti on. The number of cal- 
^ varia cells in culture was decreased by compounds 
with a chain length greater than 5-^ by AHPrBP, 
CloMBP, and Br 2 MBP. Lactate production by these 
ceils in vitro was increased by the long chain bis¬ 
phosphonates and AHPrBP, and was decreased by 
CLMBP. No good correlation existed between the 
inhibition of bone resorp tion me a sured in vitro on 
calvaria and that seeiTin vivo on rat tibiae metaph- 
ysesTThe latter was inhibited the most efficiently by 
the bisphosphonates longer than 5-C and by 
AHPrBP; these were 10 times more effective than 
CLMBP. Taking into account all factors, 1- 
hydroxypentylidene-1,1-bisphosphonate and AHPrBP 
seem to be the most active compounds to inhibit 
bone resorption. 

Key words: Bisphosphonates — Mineralization 
Bone resorption — Cultured mouse calvaria — 
Cultured bone cells. 
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University of Berne. Murtenstrasse 33. CH-3010 Berne. Switzerland 

Bisphosphonates are compounds that contain a 
P-C-P bond and are thus related to pyrophosphate 
but are resistant to metabolic destruction. They 
have a strong affinity for calcium phosphate crystals 
[1] and inhibit both formation [2, 3] and dissolution 
[4, 5] of this mineral in vitro. In vivo they prevent 
ectopic calcification and the resorption of bone. 
Recently 3 bisphosphonates — namely, HEBP. 
CUMBP, and AHPrBP (formerly EHDP. CI-MDP. 
and APD) (for formula see Table 1) — have been 
used clinically. HEBP has been found to decrease 
the developmenToFTfctopic ossification after total 
hip replacement [6] and in paraplegia [7]. Further¬ 
more, HEBP and the other 2 bisphosphonates have 
proved useful in the management of Paget's disease, 
a disease in which bone turnover is increased 
[8- 12], and Cl.MBP and AHPrBP in tumoral bone 
disease (13, 14]. 

How the bisphosphonates act in vivo is still 
speculative. In addition to their physicochemical 
interaction with calcium phosphate crystals, it was 
recently found that bisphosphonates also influence 
cellular metabolism. In cultured cells and/or cul¬ 
tured calvaria HEBP and Cl.MBP alter glucose 
metabolism and the oxidation of acetate, citrate, 
and leucine [15- 18]. Cl.MBP increases the content 
of cellular glycogen [19]. the activity of alkaline 
phosphatase [20], the oxidation of fatty acids [-1]. 
and the synthesis of glycosaminoglycans [22] and of 
collagen [23]. 

Many different bisphosphonates can be synthe¬ 
sized by modifying the substituents R| and R. in the 
general formula of geminal bisphosphonate (see 
Table 1). The aims of this work were (a) to study the 
influence of the chemical structure on the action of 
the compound and to investigate if a correlation 
could be found between the effect on the various 
physicochemical and biochemical processes and the 
effect on mineral izat ion and bone resorption, giving 
thus an indication about the mechanism(s) of action 
in vivo; and (b) to find bisphosphonates with a 
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Table l. List of bisphosphonates studied 

OH Rt OH 


P 

I 

OH 


C 

I 

R, 


P 

I 

OH 


O Geminal bisphosphonate as acid 


Name of compound 


Methylenebisphosphonate* 

Methanediphosphonate 6 

Hydroxy methylenebisphosphonate* 

Hydroxy methanediphosphonate b 
1-Hydroxyethylidene-l. l-bisphosphonate* 
1-Hydr oxyethane-1, l-diphosphona te b 
l-Hydroxypropylidene-l, 1-bisphospKonate* 
^^1-Hydroxypropane* 1, l-diphosphonate b 
1-Hydroxybutylidene-1. l-bisphosphonate* 
1-Hydr oxybutane-1, l-diphosphonatc b 
Pentylidene-1, l-bisphosphonate* 

Pentane-1.1 -diphosphonate 5 
1-Hydroxy pentylidene-1, l-bisphosphonate* 
1-Hy droxypentane-l, l-diphosphonate b 
l-Hydroxyoctylidene-l, l-bisphosphonate* 
t 1-Hydr oxyoctane- l. l-diphosp honatc b 
- Nonyiidene-1, l-bisphosphonate* ^ 

Nonane-1, l-diphosphonate b 
l-Hydroxynonylidene-1, l-bisphosphonate* 
^M-Hydroxynonane-1. l-di phosp honatc b 

■_ 1- Hyciroxydociecylidene-1,1-bisphdspKonate* 

1- Hydroxydodecane-1. l-diphosphonate b 
Dichloromethylenebisphosphonate* 
Dichloromethanediphosphonate b 
‘ Dibromomethylenebisphosphonate* 
Dibromomethanediphosphonate b 
3-Amino-l-hydroxypropylidene- 
^ l, l-bisphosphonate* 

3-Amino- 1-hydroxy propane- 
1, l-diphosphonate b 


Number of 
C atoms 


Abbreviation 


R. 


Rt 


I 

MBP 

MDP 

-H 

-H 

1 

HMBP 

HMDP 

-OH 

-H 

2 

HEBP 

EHDP~' 

-OH 

-CH, 

3 

HPrBP 

HlfrDP 

-OH 

-CH,CH, 

4 

HBBP 

HBDP 

-OH 

-(CH^CH, 

5 

Pc BP 

PeDP 

-H 

-(CHi) 3 CH s 

5 

jagsgp 

HPeDP 

-OH 

-<CH.),CH 3 

8 

HOBP 

HODP 

-OH 

-(CH^CH, 

9 

NBP 

NDP 

-H 

-<CH-.) 7 CH 3 

9 

HNBP 

HNDP 

-OH 

■hCH-) t CH, 

12 

HDBP 

HDD’P 

-OH 

“(CHJmCHi 

1 

CljMBP 

ci 2 mdp‘ 

-Cl 

-Cl 

1 

Br-MBP 

Br,MDP 

-Br 

-Br 

3 

AHPrBP 

AHPrDP 

-OH 

-(CH^NH* 


■ Nomenclature according to IUPAC. Nomenclature of Organic Chemistry. Sections A, B, C, D, E 
1979 

b Old nomenclature 


F, and H, Pergamon Press, Oxford. 


from calvaria tissue into the medium during the incubation was 
determined as described above. 

Resorption was also assessed when the bisphosphonates were 
given in vivo, as described by Reynolds et al. [26]. The mice 
received a subcutaneous injection of 1.0 jxCi 4i Ca on the day of 
birth. The solutions of bisphosphonates were injected for 3 days 
(days 4—6) at a volume of 5 nVg body weight per day. On day 7 
the calvaria were dissected and cultured for 48 h. One half was 
always killed by freezing and thawing 3 times. The cell-mediated 
4i Ca release for the control and for the treated groups was calcu¬ 
lated in percentage as difference between the release of the living 
and the dead half for each pair of bones (for details see 26). 

For the determination of DN A the calvaria were demineralized 
in 4 ml of 5% (w/v) trichloroacetic acid for 2 days. The residue 
was then digested for 4 h at 65°C in 2 ml of a solution containing 
0.1 M Na-acetate buffer. 5 mM EDTA. 5 mM cystein, pH 5.5, 
and 1 mg/ml of papain. This resulted in a loss of DNA smaller 
than 59c. After precipitation by adding 2 ml of 0.5 M HCIO,, the 


DNA was determined according to Burton [27]. DNA was ex¬ 
pressed as deoxyribose. 

Effect of Bisphosphonates on the Calcification 
and Resorption of Rat Tibia Metaphysis 

Animats. Male or female Wistar rats weighing 160- 170 g, in total 
220 animals, were used. The rats were bred in this laboratory and 
maintained on a diet containing 1.19 b Ca and 1.2 9c P (Altromin 
1314) and distilled water. The experiments were carried out on 
animals treated with 16.1 or 161 Mmol/kg/day of bisphosphonate 
given daily subcutaneously for 7 days. For the highly active 
compounds, the effect of additional doses of 0.16 and 1.61 
^mol/kg/day was also tested. The volume injected was kept con¬ 
stant (0.2 ml/100 g body weight). For the dose of 161 ^mol/kg'day 
the bisphosphonates were dissolved in distilled water, and the 
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Table 2. Influence of bisphosphonates on the minimum forma¬ 
tion product [Ca] x [Pi] necessary to induce precipitation of 
calcium phosphate from solution 

Mean increase in formation product 
from control values in (mM) 2 
Concentration of bisphosphonates 


Bisphosphonates 

* 

i 

© 

ID- 5 M 

10-* M 

I0- T M 

HEBP 

<6.8 

<6.8 

6.1 

1.0 




<7.6 

0.6 




<7.1 

1.2 

HPeBP 

<6.8 

<6.8 

5.6 

0.9 




5.2 


HOBP 

<6.8 

4.8 

2.6 

0.4 



4.2 

2.7 


HNBP 

<6.8 

3.6 

1.0 

0.4 



2.8 

1.2 


HDBP 

3.7 

2.3 

-1.8 

0.3 


3.1 

0.3 

-1.1 



1.9 


-1.4 


PeBP 

<6.8 

<6.9 

2.4 

0.3 




2.3 





1.6 


NBP 

4.1 

1.8 

1.1 

0.5 


3.9 

2.4 

0.0 

0.3 


2.2 




CUMBP 

<6.8 

2.6 

1.2 

1.6 



4.6 

3.2 

0.4 

Br.MBP 

<6.9 

1.6 

0.9 

0.0 




1.1 


AHPrBP 

<6.9 

6.5 

5.2 

1.6 



6.5 

5.0 

1.0 




4.3 


The results shown 

here represent the 

difference 

in minimum 


[Ca] x [Pi] product observed in the presence of the bisphospho¬ 
nates minus the minimum [Ca] x [Pi] product required for crystal 
formation in a parallel incubation but in the absence of the bis- 
phosphonate. Control values obtained from 10 separate experi¬ 
ments were 4.37 * 0.10 (mean - SEM) in (mM) 1 . Incubation 
time was 3 days at pH 7.4 and 37°C. The sign < indicates that 
no precipitation occurred up to this mean increase in formation 
product 

solutions were adjusted to pH 7.4 with NaOH as appropriate. 
When lower doses were used, the bisphosphonate solutions were 
diluted with 0.99£ (w/v) of NaCl. At least 4 animals were used to 
test each dose of each compound. During the experiment, all the 
animals had free access to food and drinking water. One day 
before the beginning of the treatment with bisphosphonate. each 
animal received oxytetracycline 15 mg/kg body weight. This 
fluorescent compound localizes on the newly formed bone and 
can therefore be used as a marker for the longitudinal growth of 
the tibia (see below). At the end of the experiment the rats were 
killed with ether. 

Techniqttes. The proximal ends of the tibiae were 
removed from the animals, cleaned of the attached muscles and 
soft tissues, and fixed in 409c precooled ethanol (4-6°C) for more 
than 24 h. After blockstaining and dehydration in graded ethanol 
(70-KXKr) containing 0.259c basic fuchsin and clearing in 
xylene, the specimens were embedded in methylmethacrylate. 
Undecalcified. 80 ^m thick ground sections were examined by 
fluorescence microscopy and microradiography. Measurements 



Fig. t. Effect of bisphosphonates on the dissolution of hy¬ 
droxyapatite crystals in vitro. Crystals, which had been treated 
with bisphosphonates (0.075 mol/mol of apatite), were added to 
buffer free of bisphosphonate. The dissolution was followed by 
measuring the calcium concentration at various times. For more 
details see [5]. The mean SEM of 3-6 experiments is given. 
For symbols see Table l 


of longitudinal growth and width of the epiphyseal plates in the 
proximal end of the tibiae were performed under the fluorescent 
microscope at a magnification of 25 x. The distance between the 
epiphyseal borderline of the growth cartilage and the most 
proximal tetracycline label in the metaphysis was determined 
[28]. X-ray micrographs were used to locate the calcification 
front in the growth cartilage and to estimate the density of the 
mineralized trabecular bone in the metaphysis. 


Statistics 

The values are given as mean * SEM of S dishes. Significance of 
difference was determined according to the Student’s t test. 
When pairs of calvaria halves were compared, pair analysis was 
made. 


Results 


Effect of Bisphosphonates on Mineral Formation 

As shown in Table 2, all the bisphosphonates tested 
inhibited mineral formation. The effect decreased 
with increasing length of the ali phatic sid e: chain. 
Interestingly, HDBP at lO^M stimulated the pre¬ 
cipitation of calcium phosphate. Br 2 MBP was 
somewhat less active than CI 2 MBP. 

Effect of Bisphosphonates on the Dissolution 
of Apatite 

Figure 1 shows that when apatite was treated with 
bisphosphonates, the mineral dissolved more 
slowly than in the controls. In this figure only the 
values for the dissolved Ca 2 "' are given; the data for 
dissolved Pi were similar (not shown). Of all the 
compounds tested. AHPrBP and HEBP showed the 
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P 5 g_ 2 . Effect of bisphosphonates on cell number. 100,000 cells 
were plated in 24-well cluster dishes. The bisphosphonates. 250, 
25. and 2.5 *iM. were present from day 1 until the end of the 
experiment (day 8). The cell number in the controls was 611. 400 
* 9800(119) (mean = SEM [/V]). For symbols see Table 1. The 
number above the bars is N. * significantly different from control. 

P < 0.001 

strongest effect. Results from the left side of Fig. 1 
indicate that an increase in the length of the ali¬ 
phatic side chain as well as the presence of a hy¬ 
droxyl group (RO strengthened the effect of these 
compounds. Br 2 MBP was not different from 
C1.MBP. 

Effect of Bisphosphonates on Calvaria Cells in 
Culture. Cell Number. Figure 2 shows the effect on 
the cell number. Bisphosphonates with a long side | 
ichain decreased the cell number more than bis- | 
phosphonates with a short side chain. No cells re- 
'mained at all in the presence of 250 p.M bisphos¬ 
phonates with 8, 9. and 12 C atoms and also in the 
presence of 250 /a.M AHPrBP. The presence of the 
hydroxyl group (RJ caused a slight decrease in the 
cell number. It should be noted that AHPrBP and 
HDBP at 250 ^iM precipitated with calcium. 
CUMBP and Br 2 MBP decreased the cell number 
also, but less than the bisphosphonates mentioned 
above. 

Lactate. As shown in Fig. 3, the bisphosphonates 
with a long side chain increased lactate production, 
those with a short chain decreased it. The change 
seems to be with PeBP. Interestingly, as observed 
for the cell number, AHPrBP behaved like a bis- 
phosphonate with a long side chain, strongly in¬ 
creasing lactate production. Compounds with a 
hydroxyl group (RJ instead of -H augmented lac¬ 
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Fig. 3. Effect of bisphosphonates on the lactate production of rat 
calvaria cells. Lactate production was measured from day 7 to 8 
(16 h). In the control the calvaria cells produced 7.98 e 0.12 
M mol of lactate/10* cells (119) (mean = SEM[-V]). For details see 
Fig. 2. * significantly different from control, P < 0.001 


Table 3. Effects of bisphosphonates on the K” content of cul- 
tured calvaria ceils 


Bisphosphonate 
(25 mM) 

% of control = SEM (AO 


Control 

100.0 = 1.2(23) 


PeBP 

123.1 = 4.2(8)* 


HPeBP 

99.6 ±. 1.8(8) 


NBP 

101.1 s: 2.6(17) 


HNBP 

120.1 = 4.3 (I5) B 


HDBP 

100.5 r 9.1 (8) 


Cl a MBP 

106.8 - 2.6(16)* 


AHPrBP 

98.9 ± 6.9 (17) 



The cells were cultured in dishes with a diameter of 3.5 cm in the 
presence or absence of bisphosphonate from day 1 to 7. The K. 
content of the control cells was 0.170 c: 0.008 (23) ^mol/lO® cells 
■ Significantly different from control, P < 0.05; b P < 0.001 


tate production more. From all the compounds 
tested, CUMBP decreased lactate production to the 
greatest extent; Br 2 MBP, however, influenced this 
parameter much less than CUMBP. Glucose con¬ 
sumption was also measured in the cells treated 
with MBP, CUMBP. PeBP, NBP, HDBP, and 
AHPrBP, and was found to be affected in a parallel 
way to lactate production (not shown). 

Potassium. K* content was not influenced by most 
of the bisphosphonates. There was some increase in 
the cells treated with PeBP and HNBP (Table 3). 
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Table 4. Effects of bisphosphonates on the alkaline phosphatase 
activity of cultured calvaria cells 


Bisphosphonates 
(25 mM) 

% of control + SEM ( N ) 

Control 

100.0 ± 7.1 (5) 

PeBP 

110.6 ± 5.8 (4) 

HPeBP 

115.3 i 3.5 (4) 

HBP 

128.2 ± 2.4 (4)- 

HNBP 

57.6 £ 4.7 (4)* 

HDBP 

50.6 =: 9.4 (4)* 

CI,MBP 

217.6 - 3.5 <4) b 

AHPrBP 

. 57.6 2: 2.4 (4) B 

The cells were cultured 

in 24-well cluster dishes in the presence 

or absence of bisphosphonate from day 1 to 7. The enzyme 
activity of the control was 8.5 ^ 0.6 (5) nmol/min/10 6 cells 

1 Significantly different from control, P < 0.05: * P < 0.01 


Table 5. Effects of CI,MBP and Br,MBP on the alkaline phos¬ 
phatase activity 

Bisphosphonates 

Alkaline phosphatase activity 
% of control ± SEM (/V) 

Control 

100.0 ± 2.2(16) 

CljMBP (mM) 

250 

634.5 - 33.3 (8) b 

25 

207.5 * 9.5 (8) b 

2.5 

113.4 2: 6.8(8)“ 

Br,MBP( M M) 

250 

208.9 * 9.0 (8) b 

25 

144.6 - 7.7 (8) b 

2.5 

99.0 - 5.0 (8) 


For details see Table 4. The activity of the control was 13*05 r 
0.54 < 16) nmol/min/lO" cells 

• Significantly different from control, P < 0.05: b P < 0.001 


Alkaline Phosphatase. As shown in Tables 4 and 5, 
the activity of alkaline phosphatase in calvaria cells 
was decreased by HNBP, HDBP, and AHPrBP, not 
affected by PeBP or HPeBP, slightly increased by 
NBP, and strongly enhanced by Br 2 MBP and espe¬ 
cially by C1 2 MBP. C1 2 MBP, but not Br 2 MBP, was 
still active at 2.5 


Effects of Bisphosphonates Given in Vitro 
on Cultured Mice Calvaria 



Fig. 4. Effect of 250 *iM bisphosphonates on w Ca release and 
lactate production of mice calvaria in culture. The 2 halves of a 
calvarium were cultured for 48 h, respectively, in the presence or 
absence of the bisphosphonate. The ^Ca content in the medium 
as a percentage of the total (bone and medium) was 19.4 + 0.4 
(127) (mean ± SEM [;V]) for the control half-calvaria. The 
lactate production was 2.46 0.01 (126) ptmol (mean 2 : SEM 

[V]). The number above the bar represents the number of half¬ 
calvaria. For symbols see Table 1. * significantly different from 
control. P < 0.005 



Concentration (pM) 

Fig. 5. Effect of various bisphosphonates added in vitro on the 
l3 Ca release of mice calvaria in culture. For details see legend of 
Fig. 4. Between 5 and 22 half-calvaria were tested. Statistically 
significant difference vs control: *P < 0.05; mm P < 0.01 


As shown in Figs. 4 and 5, all the bisphosphonates 
except HDBP inhibited the release of 43 Ca. The ef¬ 
fect was smaller the longer the aliphatic side chain. 
Compounds with a hydroxyl group (R,) acted 
somewhat more weakly, but not significantly. 

The compounds containing up to 5 C atoms in¬ 
hibited lactate production, except AHPrBP which 
had no effect; compounds with more than 5 C 
atoms, on the other hand, increased it (Fig. 4). NBP 


and CUMBP exerted an influence at the concentra¬ 
tion of 25 /xM (Fig. 6). 

Effects of Bisphosphonates Given in Vivo 
on Cultured Mice Calvaria 

CUMBP or HNBP was injected into young mice and 
the calvaria then cultured for 48 h. As shown in Fig. 
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Concent rat Ion (*jM) 

Fg. 6. Effects of CI.MBP. AHPrBP. NBP, and HNBP added in 
vitro on the lactate production of mice calvaria in culture. For 
details see Fig- 5 

7, both compounds inhibited the release of 45 Ca to 
the same degree. At the highest concentration (161 
nmol/g/day) C1 2 MBP inhibited lactate production 
(Table 6), but it had no effect at 10 times lower 
concentrations (not shown). HNBP given at 80.5 
nmol/g/day (at 161 nmol/g the animals died) de¬ 
creased DNA content, but lactate production, nor¬ 
malized per amount of DNA, was not affected 
(Table 6). Lower concentrations of HNBP showed 
no effect (not shown). 


Effects of Bisphosphonates Given in Vivo on 
Resorption of Metaphyseal Cartilage and Bone 
Epiphyseal Plate and Mineralization 
in Growing Rats 

Bone and calcified cartilage resorption were evalu¬ 
ated semiquantitatively in contact microradiographs 
of the proximal end of the tibiae in rats (Fig. 8). 
Rating of resorption inhibition is based on the den¬ 
sity and structure of the metaphyseal cancellous 
bone formed during the observation period. This 
accretion zone can be delineated by the tetracycline 
label given before treatment, which separates it 
from the remodeling zone present before bisphos- 
phonate administration. In controls (Fig. 8A) the 
accretion zone presents a characteristic micro- 
radiographic pattern. Its proximal third consists 
of an array of fine, densely packed mineralized 
septa representing the longitudinal calcified carti¬ 
lage (walls) surrounding the hypertrophic cell col¬ 
umns. More distally these calcified septa are re¬ 
duced in number but increased in diameter by dep¬ 
osition of mineralizing bone on their surface. This 
process continues further distally into the remodel¬ 
ing zone and finally leads to a substitution of the 
primary spongiosa (still containing remnants of cal¬ 
cified cartilage) by the secondary spongiosa. The 
numerical reduction and remodeling require a con¬ 



Bisphosphonate s.c. (nmol/g per day) 

Fig. 7 . Effects of CKMBP and HNBP given in vivo on the 43 Ca 
release of mice calvaria in culture. The mice were treated from 
days 4 to 6 with the bisphosphonate. On day 7 half-calvaria were 
cultured for 48 h in absence of the bisphosphonate. The cell- 
mediated 4J Ca release is calculated in *7c as difference between 
the release of the living and the dead half for each pair of bones. 
Cell-mediated 4i Ca release of the control was 10.9 2 : 0.5 {N * 39) 
9?. Number of half-calvaria is given at each point. Statistically 
significant difference vs control. *P < 0.05; mm P < 0.001 


siderable amount of bone and calcified cartilage re¬ 
sorption by osteoclasts and chondroclasts. Partial 
or complete suppression of the activity of these 
cells must result in a marked increase in density of 
the mineralized tissue, especially in the accretion 
zone. Thus the numerical reduction of trabeculae 
(equal to a widening of the intertrabecular spaces) is 
less pronounced (Fig. 8B, C) or completely absent 
(Fig. 8D). Furthermore, a complete arrest of bone 
resorption also results in more cylindrical shape of 
the metaphysis in the accretion zone. In the exam¬ 
ples shown in Fig. 8, C is rated as strong inhibition 
(-h-h), D as very strong ( + ++). A delayed onset of 
these changes, indicated by their position relative to 
the tetracycline label, is considered as a slight inhi¬ 
bition ( + ). Finally, if a slight inhibition was not 
uniformly observed in all animals of one group, this 
is rated as questionable (±). 

As shown in Table 7, AHPrBP, HPeBP, an d 
HQJBJP w ere the most powerful inhibitors ot Done 
resorption with a marked effect at a dose of 1.6 
/xmol/kg/day. They are followed by NBP and HNBP 
and then by Cl 2 MBP, Br 2 MBP, and HDBP, which 
are strongly active at 16.1 /imol/kg. Many of the 
compounds inhibit mineralization at 161 /xmot/kg, 
namely, HEBP, HPrBP, HBBP, HPeBP, and 
AHPrBP (Table 8). Interestingly, neither C1 2 MBP, 
Br 2 MBP, nor NBP showed such an effect. No com¬ 
pound showed an inhibition of mineralization at 
16.1 /xmol/kg. The longitudinal growth was inhibited 
by AHPrBP, HNBP, NBP. HOBP, HPeBP, 
HPrBP, CKMBP, and HEBP at 161 or 16.1 pmoUkg. 
This might be due, at least partially, to the strong 
inhibition of the resorption of the calcified cartilage. 
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Table 6. Effects of CI,MBP and HNBP. given in vivo, on the lactate production of mice calvaria cultured in vitro 



;V 

Lactate 

(/imol) 

Desoxyribose 

(nmol) 

Lactaie/desoxyribose 
(pt mol/nmol) 

Control 

13 

4.93 - 0.36 

7.92 - 0.53 

0.65 ± 0.06 



(%) 

{<*) 

<%) 

Control 

13 

100.0 - 6.5 

100.0 ±3.1 

100.0 ± 5.3 

CI,MBP 

15 

64.0 2 : 3.2 b 

97.4 ± 2.4 

65.8 ± 2.5 b 



(fimol) 

(nmol) 

(p. mol/nmol) 

Control 

7 

5.15 ± 0.41 

9.59 ± 0.30 

0.54 ± 0.04 



{*) 

<%) 

(<7c) 

Control 

7 

100.0 - 4.7 

100.0 ± 2.7 

100.0 ± 5.0 

HNBP 

7 

82.1 -6.3* 

71.7 ± 4.2 b 

114.7 ±9.1 


CI,MBP (161 nmol/g/day) or HNBP (80.5 nmol/g/day) was injected from days 4 to 6 subcutaneously. The calvaria were cultured from 
day 7 for 48 h in the absence of bisphosphonate. The results are given as mean ± SEM of half-calvaria 
* Significantly different from control, P < 0.05 
b Significantly different from control, P < 0.001 


diminishing vascular invasion. HDBP, HNBP, 
NBP, AHPrBP, and HEBP impaired increase in 
body weight. Some of the long-chain compounds — 
HOBP, HNBP, and NBP — were toxic at the high¬ 
est dose, the animals dying during treatment. 


Discussion 

The investigation of these bisphosphonates can be 
subdivided in a physicochemical part (formation 
and dissolution of mineral), a part in which the ef¬ 
fects on cultured cells and cultured calvaria were 
studied, and a part in which the effects in vivo (re¬ 
sorption and mineralization) were examined. 

HEBP, HPeBP, and AHPrBP were the strongest 
inffiBitorTof TrTine raTformauonin vitro. The inhibi¬ 
tion decreased with increasing chain length: this 
could be the result of an increasing hydrophobic 
nature of the side chain diminishing the affinity of 
the bisphosphonate for apatite. The hydroxyl group 
at C-l, on the other hand, seems to increase slightly 
the inhibitory action of the compounds. Interest¬ 
ingly, HDBP slightly stimulated crystal formation at 
10“* M. At this concentration HDBP induced a pre¬ 
cipitation in a solution of 1.7 mM CaCI 2 , free of Pi. 
This precipitate, probably of Ca-HDBP, possibly 
acted as a nucleator of calcium phosphate crystalli¬ 
zation. 

The dissolution of apatite was inhibited by all the 
bisphosphonates to some degree, AHPrBP and 
HEBP being the most active. There is no strong 
relationship between the structure of these bisphos¬ 
phonates and their effect. 

In cultivated cells, in contrast to bone culture, no 
mineral is present. Any actions of bisphosphonates 
observed in this system are therefore direct effects 
on the cells and cannot be secondary effects due to 


physicochemical interactions with calcium phos¬ 
phate crystals.! T? had been shown earlier that 
CUMBP, buf'not HEBP, at a concentration of 0.25 
mM diminished the cell number, and that both bis¬ 
phosphonates decreased glycolysis [15]. This was 
also observed in this study. Br 2 MBP acted more 
weakly than CUMBP. Bisphosphonates containing 
more than 5 C atoms decreased cell number, the 
activity increasing with increasing length of the side 
chain. At a concentration of 250 all cells died. 

In contrast to that in the short-chain bisphospho¬ 
nates, the lactate production was increased by these 
compounds, activity increasing again with increas¬ 
ing length. Interestingly, AHPrBP, which contains^ 
only 3 C atoms but an amino group at C-3, acted ) 
similarly to the long-chain bisphosphonates. Since J 
AHPrBP and HDBP precipitated with calcium at 
250 /aM, it might be that this augmented the effect of 
these compounds at this concentration. It has been 
shown that bisphosphonates, added to mac¬ 
rophages, are more cytotoxic in the presence of 
bone mineral than when added in solution [29]. The 
reason might be that the cells engulf the crystals and 
ingest therefore a larger amount of bisphosphonate. 

It is not unexpected that long-chain bisphospho¬ 
nates are cytotoxic at high 'concentrations, since“aib~ 
these compounds contain a lipophilic side chain and 
negatively charged phosphonate groups. They 
might act as detergents and damage the cell mem¬ 
brane. It is possible that the higher permeability of 
the cell membrane increases the intracellular ratio 
of Ca 2+ to Mg 2+ . Such a higher ratio and a resulting 
higher lactate production has been observed in as¬ 
cites tumor cells after adding ionophore A 23187 
[30]. Another possibility is that the long-chain bis¬ 
phosphonates act as uncouplers of oxidative phos¬ 
phorylation, as do long-chain fatty acids, which 
would also stimulate glycolysis. This last interpre- 
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Fie. 8. Criteria for the evaluation of resorption inhibition in vivo. Contact microradiographs of the proximal tibia in rats, x 10. A NaCI 
control. B HN BP 1.61 (rated *i. C HPeBP 1.61 (rated - + >. D HPeBP 16.1 (rated -*■ + ->. The position of the most proximal tetracycline 
label given at the onset of treatment is indicated by the baseline of the white triangles 
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Table 7. Effects of 7 days of bisphosphonate treatment on re 
sorption in epiphysis and mctaphysis of tibiae in growing rats 


Bisphosphonates 
dose: (/xmol/kg) 

Inhibition of bone resorption 

0.16 

1.61 

16.1 

161 

MBP 




+ + 

HMBP 




+ 

HEBP 



4- 

4* 

HPrBP 




— 

HBBP 





PeBP 



— 

+ + + 

HPcBP 

- 

+ + 

+ 4-4- 

+ 4* 

HOBP 


+ + 

+ + + 

died 

NBP 

- 


+ + + 

+ + 

HNBP 

- 

4- 

+ + + 

died 

HDBP 



+ + 


CljMBP 



-4- + 

4-4-4- 

Br 2 MBP 



+ + 

4-4-4- 

AHPrBP 


-t-4- 

+ + + 

4-4- 


Qualitative evaluation was made on the contact microradior 
graphs of tibial ground sections. no inhibition; question¬ 
able; + . slight inhibition; 4-4-, strong inhibition; + + + , very 


strong inhibition 


tation. however, is unlikely since, when untreated 
cells were incubated in the absence of oxygen, 
glycolysis was increased by only about 40% (Felix 
and Fleisch, unpublished observations), while bis¬ 
phosphonate treatment resulted in an increase of up 
to 175%. The mechanism by which HEBP, C1,MBP. 
and Br.MBP act on the cells is unknown and needs 
further study. Results obtained in vitro must be ex¬ 
trapolated with caution. Relatively high concentra¬ 
tions were used. The concentrations in vivo, how¬ 
ever, are not known and might also be high around 
or inside a cell resorbing bone mineral coated with 
bisphosphonates. 

Alkaline phosphatase has been shown to be in¬ 
creased in cultured calvaria cells by C1 2 MBP [20]. A 
molecule containing halogen atoms seems to be es¬ 
sential for this action in cultured cells, since 
Br 2 MBP was the only other bisphosphonate that 
showed such an effect, although weaker than that of 
Cl.MBP. Increased alkaline phosphatase activity 
was also found in rat bone [31] and in epiphyseal 
cartilage of chicken [32] after administration of 
HEBP or Cl.MBP in vivo. The significance of this 
observation is'unknown. Other compounds, among 
them cortisol analogs, are known to increase al¬ 
kaline phosphatase in cultured cells too (for refer¬ 
ences see 20). 

When bisphosphonates are added to cultivated 
calvaria, their effect on lactate production is similar 
to that in cultivated cells, long-chain bisphospho¬ 
nates increasing, short-chain decreasing the pro¬ 
duction. with the exception of AHPrBP. which had 
no effect on lactate production in calvaria. 


Some discrepancies exist between the results 
with calvaria when the bisphosphonates are given in 
vitro and in vivo. Thus HNBP increased lactate 
production only when applied in vitro, but not when 
applied in vivo. Similarly, when HNBP was added 
in vitro, the effect on Ca release was weaker than 
that of CljMBP, whereas the two compounds were 
similar when they were given in vivo but tested in 
vitro. 

It was hoped that the comparison of the various 
parameters thought to be involved in mineralization 
and bone resorption, and the results seen with the 
various bisphosphonates (Table 9), would give 
some insight into the mechanisms inducing these 
processes and the mode of action of the bisphos¬ 
phonates. This seems to be so to a certain extent for 
mineralization. Indeed, compounds that were po¬ 
tent inhibitors of crystal formation also inhibited 
mineralization in vivo. This suggests that the ef¬ 
fect in vivo might, at least partly, be due to physico¬ 
chemical interaction with the mineral. However, 
other actions of the bisphosphonates cannot be 
excluded. It has also been found that HEBP induces 
the accumulation of proteoglycan superaggregates 
in the epiphyseal growth plate; these superaggre¬ 
gates are characterized by their capacity to inhibit 
the crystallization of calcium phosphate [33, 34], 
When considering bone reso rption the results are 
less encouraging. Thus therTwas no correlation 
between tfifTinhibition of bone resorpti o n in v ivo or 
in calvaria and the inhibitiorTof mineral dissolution, 
which suggests that the bisphosphonates inhibit 
bone resorption not by their physicochemical in¬ 
teraction alone. Furthermore, bisphosphonates did 
not have the same effect on bone resorption when- 
they were injected into growing rats or when they 
were studied in cultured mice calvaria. The cause of 
this discrepancy is not clear. A different distribution 
to and within the bone in the two conditions is a 
possibility. That this discrepancy is due to species 
difference is unlikely. Since C1 2 MBP has been 
shown to decrease lactate production more than 
HEBP [15], and since formation of lactic acid might 
be involved in bone resorption [35], it has been 
suggested that the bisphosphonates might act by 
this metabolic effect [15]. The results, however, 
obtained with the long-chain bisphosphonates do 
not support such a mechanism, since they are 
strong inhibitors of bone resorption, although they 
increase, rather than decrease, lactate production. 
This agrees with recent data which suggest that 
lactate production does not play a major role in 
bone resorption [36-38]. Some correlation is seen, 
however, between the toxicity of the compounds on 
the cells and resorption, so that this mechanism 
could be important. 

Our interpretation is in disagreement with that of 
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Table 8. Effects of bisphosphonates on mineralization and growth of tibia! epiphysis and on increase of body weight of growing rats 


Bisphosphonate 

Dose 

/xmol/kg/day 

Epiphyseal 

width 

Longitudinal 

growth 

Increase of 
body weight 

HEBP 

161 

288.3 - 

7.8 (17) e 

84.7 £ 

2.4 (16) c 

35.9 £ 

8.7 (25) c 

HEBP 

16.1 

118.2 £ 

5.3 (4) 

107.8 £ 

1.7 (4) 

118.6 £ 

8.1 (4) 

HPrBP 

161 

290.9 * 

30.6 (4)' 

69.1 £ 

6.3 (41® 

91.5 £ 

10.5 (4) 

HBBP 

161 

349.6 - 

8.7 (4)* 

90.9 £ 

5.4(4) 

82.5 £ 

6.5 (4) 

HBBP 

16.1 

90.8 - 

7.5 (4) 

95.4 £ 

3.7 (4) 

99.0 £ 

11.5 (4) 

PeBP 

161 

88.3 - 

5.7 (6) 

99.7 * 

3.2(5) 

61.3 £ 

12.9(4) 

PeBP 

16.1 

87.8 - 

3.9 (6)* 

103.4 £ 

3.9(5) 

72.4 £ 

7.9 (4) 

HPeBP 

161 

235.8 - 

17.7 (4) e 

72.1 - 

2.7 (4)* 

75.3 £ 

3.6 (4) 

HPeBP 

16.1 

68.0 - 

4.1 (4) b 

85.2 £ 

2.7 (4) 

97.3 £ 

3.6(4) 

HPeBP 

1.6 

89.6 £ 

5.3 (4) 

98.8 £ 

2.9 (4) 

108.5 £ 

12.5 (4) 

HOBP 

161 



animals 

died 


2.2 (4) 

HOBP 

16.1 

68.0 - 

4.1 (4)® 

77.1 £ 

3.1 (4)- 

93.7 £ 

HOBP 

1.6 

100.0 £ 

9.2 (4) 

98.3 £ 

7.1 (4) 

108.5 £ 

7.1 (4) . 

NBP 

161 

129.7 - 

14.2 (7) 

61.5 £ 

5.2 (7) c 

half of the animals died 

NBP 

16.1 

77.3 £ 

1.1 (9)* 

90.7 £ 

2.4 (8)* 

89.1 £ 

3.4 (4)* 

NBP 

1.6 

97.1 - 

3.1 (8) 

94.2 £ 

1.7(8) 

86.8 £ 

5.6 (8)* 

HNBP 

161 



animals 

died 



HNBP 

16.1 

64.0 - 

6.5 (4) b 

81.7 £ 

4.4 (4) 

52.9 £ 

9.0 (4)» 

HNBP 

1.6 

95.4 £ 

8.7 (4) 

100.0 £ 

17.2 (2) 

109.5 £ 

13.6(4) 

HDBP 

16.1 

101.9 £ 

13.2 (4) 

114.6 £ 

7.2 (4) 

21.3 £ 

13.4 (6)* 

CljMBP 

161 

72.8 £ 

3.2 (14) c 

80.5 £ 

3.4 (14)* 

103.0 £ 

8.4 (22) 

CUM BP 

16.1 

80.5 - 

2.8 <19) c 

90.4 £ 

3.6(17)* 

99.2 £ 

9.4 (31) 

Br,MBP 

161 

118.6 - 

13.4 (5) 

71.3 £ 

7.8(3)* 

83.6 £ 

6.5 (5) 

Br 2 MBP 

16.1 

91.9 - 

4.6 (3) 

91.7 £ 

5.1 (3) 

98.0 £ 

27.8(3) 

AHPrBP 

161 

225.1 2: 

4.9 (4> c 

66.1 £ 

2.0 (4) e 

32.2 £ 

12.4 (4)® 

AHPrBP 

16.1 

70.9 £ 

4.2 (4)» 

85.8 £ 

6.1 (3)* 

100.0 £ 

6.2 (4) 

AHPrBP 

1.6 

83.3 £ 

6.9 (4) 

96.5 £ 

3.0 (4) 

103.1 £ 

5.3 (4) 


The results are presented as percentage of the control, since the absolute values of the control varied from experiment to experiment. 
The absolute mean values of the control were for the epiphyseal width, 423 £ 11 (47) pm: for the longitudinal growth of epiphysis, 
2193 £ 56 (46) ixm; and for increase of body weight. 24 + 2 (75) g (mean + SEM [ ; V)) 


* Significantly different from control, P < 0.05 
b Significantly different from control, P < 0.005 
c Significantly different from control, P < 0.001 


Table 9. Summary of the inhibitory effects of the bisphosphonates in the different systems 

Cultured calvaria 


Calvaria cells 



R. 

Crystal 

formation 

Crystal Cell Lactate 

dissolution number production 

Lactate 

production 

< J Ca 

release 

resorption 
in vivo 

Mineralization 
in vivo 

MBP 

-H 

3* 

2 b 

0 

1 

- 

- 

I 

1 

HMBP 

-OH 

3* 

2 b 

- 

- 

— 

— 

l 

1 

HEBP 

-OH 

3 

2 

0 

2 

1 

3 


1 

PeBP 

-H 

3 

1 

1 

0 

I 

3 

1 

0 

HPeBP 

-OH 

3 

l 

1 

KT> 

i 

2 

3 

1 

HOBP 

-OH 

2 

1 

3 

UT) 

- 

- 

3 

(died) 

NBP 

-H 

1 

1 

3 

2<T> 

Ht) 


? 

0 

HNBP 

-OH 

2 

2 

3 

-<T) 

HI) 

1 

3 

(died) 

HDBP 

-OH 

I 

2 

3 

3<T> 

HT> 

0 



Cl,MBP 

-Cl 

2 

1 

2 

3 


3 

2 

0 

Br,MBP 

-Br 

2 

1 

2 

1 

— 

— 

1 

0 

AHPrBP 

-OH 

3 

3 

3 

2(T) 

0 

3 

3 

1 


For the first 6 columns the symbols mean: 0, no effect: 1, weak effect: 2. medium effect; 3. strong effect; not done. Some bisphos¬ 
phonates increased the lactate production compared to the control; this is indicated by {]). For the 7th column the grading was the 
following: 3, the lowest dose having an effect on resorption was 1.6 ^mol/kg/day: 2. it was 16.1 /imol/kg/day; I. it was 161 ^mol/kg/day. 
0. no effect was observed. In the last column. 1 means that an inhibition of mineralization occurred at 161 *xmol/kg; 0. no inhibition was 


seen 

** Taken from Fleisch et al. [3] 
h Taken from Russell et al. {5] 
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Reitsma et al. [39] proposed in their study of 
AHPrBP. Since inhibition of bone resorption oc¬ 
curred at lower concentration than mineralization, 
they suggested that inhibition of bone resorption 
would mainly be due to the physicochemical stabili¬ 
zation of bone mineral, whereas the inhibition of 
mineralization might be due to a toxic effect on 
bone cells. 

Whatever the final answer, it has to be kept in 
mind that more than one mode of action may be 
involved, so that crystal dissolution, lactic acid 
production, and cell toxicity could all play a role. 

Looking for the most favorable drug against dis¬ 
eases involving increased bone resorption, CLMBP, 
Br 2 MBP, HPeBP, and AHPrBP seem to be the best 
candidates, whereby the effects of C1 2 MBP and 
Br 2 MBP are very similar. CI 2 MBP and Br 2 MBP do 
not inhibit mineralization, in contradiction to 
HPeBP and AHPrBP, which inhibit mineralization 
at 161 /xmol/kg/day. These two compounds are, 
however, at least 10 times more potent inhibitors of 
bone resorption than CLMBP and Br 2 MBP, inhib¬ 
iting bone resorption at a dose 100 times lower than 
the one necessary to inhibit mineralization. HPeBP 
has about a 10 times weaker cell toxicity than 
AHPrBP. The choice for use in human diseases will 
be made by their effect on the specific disease in¬ 
volved and by the type and number of possible side 
effects. 

The bisphosphonates showing strong toxic effect 
on cultivated cells might be envisaged as useful 
therapy for neoplastic bone diseases. Since these 
compounds accumulate only in bone, they would 
act specifically at this location. 

Finally, these results show that the various bis¬ 
phosphonates vary a great deal in their respective 
effects. This implies that every one of them has to 
be considered as a compound per se, their structure 
of bisphosphonates only making them go specifi¬ 
cally to bone and other mineralized tissues. 
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Abstract. Nine new polyphosphonates have been tested and compared with dichloro- 
methane diphosphonate (C1 2 MDP) as to their inhibitory effect on soft tissue calcification and 
on bone resorption. The geminal diphosphonates (P-C-P) were found to be most active in 
inhibiting aortic and renal calcification induced by vitamin D 3 intoxication. Only the com¬ 
pounds with an elongated carbon chain matched C1 2 MDP in activity. Similar results were 
obtained for bone resorption tested on the hypercalcemia induced by parathyroid hormone 
in thyroparathyroidectomized animals. Again only the long-chain diphosphonates matched 
Cl a MDP. These results suggest that changes in chain length may prove successful in the 
search for more effective diphosphonates in the future. 


Introduction 

Polyphosphonates, compounds similar in 
structure to polyphosphate, but characterized 
by P-C bonds, have received increased atten¬ 
tion this last decade. They were found to 
have strong effects both on calcification and 
bone resorption. Most of the compounds test¬ 
ed were geminal diphosphonates which are 
characterized by a P-C-P structure. Some of 
these were found to inhibit very efficiently 
ectopic [1], as well as bone and cartilage cal¬ 
cification [2-4] when given orally or parenter- 
ally. This effect is explained by their ability to 


inhibit the formation of calcium phosphate 
crystals [1, 5]. Furthermore, some of the 
geminal diphosphonates also inhibit bone re¬ 
sorption both when assessed in organ culture 
[6, 7] and in vivo [2, 6]. 

These various characteristics have been 
utilized clinically. Thus, l-hydroxyethane-1,1- 
diphosphonate (EHDP) has been shown to 
inhibit ectopic bone formation in patients 
with paraplegia [8] and with hip replacements 
[9]. Furthermore, it decreases bone turnover 
in Paget’s disease [10, 11]. C1 2 MDP has re¬ 
cently been shown to be also very efficient in 
reducing bone turnover in Paget’s disease [12] 


& 
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Table I. List of polyphosphonates studied 



f irst series of experiments 

Dichloromethane 
diphospbonic acid 


Phenylaminomethane 
diphosphonic acid 


C1*MDP 


PAMDP 


a 

H20 3 P-C-P03 H 2 

a 


NHz 

I 

H 2 0 3 P-C-P°3 H 2 


3-Phenylprop-2-ene- PPDP 

1,1 -diphosphonic acid 


1 2 -Dicarboxyethane- DCEDP 

1, 2 -diphosphonic acid 


Cyclohexylhydroxymethane CHMDP 

diphosphonic acid 


Heptadecane-9,9- HDDP 

diphosphonic acid 

Second series oj experiments 

3,4 f 5 -Hexafluorocyclopentane-l ,2- HFCPDP 

diphosphonic acid 


H 

HjO 3 P-C-P 03 H 2 

CH 

11 

CH 

I* 


h 2 o 3 p POaHz 

CH-CH 

| l 

HOOC COOH 
OH 

H^P—c —po 3 h 2 



H ; 0 3 P—C— P0 3 H 2 
C a H 17 


H 2 0 3 P 


POaHz 
H—C C—H 

"'i JC 

F - v'S 


propane-1,2,3- PTP 

triphosphonic acid 


Condensate II of ethane- 1 -hydroxy-1,1 
diphosphonic acid 


condensate 11 


h 2 c -CH-<fH 

h z 0 3 p Hz0 3 P H2O3P 

0 9 

u a 

HO—P—0 — P OH 
ch 3 -c-o-c-h 3 c 
HjO 3 P P0 3 Hz 

XHz-POaHz 

N-CH 2 -P0 3 H 2 

n ch z -po 3 h 2 


N, N, N-Triphosphono- 
meihylamine 


TPMA 
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Table n. Influence of various polyphosphonates at two doses on vitamin D .-induced calcification of aortas 
and kidneys; calcium content is given as ug Ca/mg dry tissue ± 1SEM (number of determinations in parentheses) 

Compound Aorta 


1 mg P/kg BW s.c, 10 mg P/kg BW s.c. 


survival survival 


Experiment l 


Cl.MDP 

7/10 

2.93 ± 0.98* (7) 

10/10 

2.49± 

1.00 1 

(10) 

PAMDP 

10/10 

11.85± 3.81* (8) 

9/10 

3.19± 

0.90 1 

(8) 

PPDP 

8/10 

11.52± 3.19* (8) 

9/10 

1.85± 

0.40 1 

(8) 

DCEDP 

10/10 

54.61 ±17.05 (10) 

5/10 

11.56± 

8.54 

(3) 

CHMDP 

10/10 

15.28± 5.77* (9) 

6/10 

6.75± 

3.05* 

(4) 

HD DP 

8/10 * 

3.01 ± 1.06* (7) 

0/10 



No vitamin D* 

15/15 

1.86± 0.51 (14) \ 

60.5 ± 7.86 (39)/ 





Vitamin D, alone 

41/46 

significant difference a <0.002 



Experiment 2 

Ci s MDP 

10/10 

5.09± 2.42* (10) 

9/10 

10.51 ± 

7.46 

(9) 

HFCPDP 

9/10 

8.19± 4.05» (9) 

9/10 

25.21 ± 

7.88 

(9) 

PTP 

9/10 

64.37± 23.20 (8) 

10/10 

21.50= 

10.05 

(8) 

Condensate II 

10/10 

25.60± 11.38 (10) 

10/10 

29.36± 

8.48 

00) 

TPMA 

10/10 

38.85±15.0 (9) 

10/10 

6.45 ± 

2.69* 

(10) 

No vitamin D> 

9/10 

1.51± 0.40 (8)1 




Vitamin D* alone 

34/35 

40.29± 8.31 (32)/ 

significant difference a <0.002 




1 The difference between treatment mean and mean of vitamin D, alone is significant, a <0.002. 

* a <0.01. 

* a <0.05. 


and bone resorption in tumoral bone disease 
[13]. Finally, 3-amino,-1 -hydroxypropane-1,1- 
diphosphonate has also been found to be 
active in Paget’s disease [14] and against tu¬ 
moral hypercalcemia [15]. 

The results obtained so far indicate that 
biological effects are modified by small mole¬ 
cular changes. It is by no means sure that the 
compounds used today clinically are the most 
efficient ones. We have, therefore, investigat¬ 
ed in this study a series of new polyphos¬ 
phonates with respect to their effect on ectopic 
calcification and bone resorption. 


Methods and Materials 

Prevention of Aortic and Kidney Calcification 
Induced by Vitamin D t in Rats 
The experimental design was similar to that pre¬ 
viously described [1J. Briefly, female Wistar rats of 
175±25 g were housed in standard conditions, 5 in 
each cage, and the treatments were allocated at ran¬ 
dom. The animals were given 100,000 IU (2.5 mg) of 
vitamin D, orally per rat and day, for 5 days. The 
phosphonates were administered daily by subcutane¬ 
ous injections at 1 or 10 mg of phosphorus (P)/kg 
body weight (BW) starting 2 days before vitamin D, 
administration, and continuing for 8 days until the 
animals were killed. After sacrifice the aortas and 
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Kidney 


1 mg P/kg BW s.c. 10 mg P/kg BW s.c. 


0.91 *0.33 1 

(«) 

0.54*0.08 1 

(10) 

2.18 ±0.49* 

(9) 

1.20*0.13 1 

(8) 

1.28*0.41 1 

(8) 

4.55*4.07 1 

(8) 

5.68* 1.72 

(10) 

2.33*0.67 

(3) 

5.03 = 2.21 

(9) 

2.83*0.88 

(4) 

0.44* 0.04 1 

(7) 



1.33*0.56 

10.06*1.69 

(15) \ 
(41)/ 

significant difference a <0.00 

0.81* 0.27 1 

(10) 

0.78*0.41* 

(9) 

1.89*0.54 

(9) 

1.55*0.41 

(9) 

4.58*1.93 

(9) 

2.15*0.97 

(10) 

2.43*1.04* 

(10) 

2.82*0.11 

(10) 

2.33*0.75 

(10) 

1.22*0.28* 

(10) 

1.46*0.69 

5.74*1.22 

(9) / 
(34)| 

significant difference a <0.01 


kidneys were removed and their dry weights determin¬ 
ed. The organs were then ashed and the residues dis¬ 
solved in 0.5 H HC1. The calcium of the aortas, the 
kidneys and in plasma was determined by atomic ab¬ 
sorption spectroscopy. 

Two separate experiments were performed, five di- 
phosphonates being compared in the first experiment 
and four in the second one. In each experiment a 
group which did not receive vitamin D s , a group re¬ 
ceiving vitamin D a alone, and a group with vitamin D # 
and the diphosphonate Cl t MDP, a potent inhibitor 
of calcification in this system as previously described 
[1], were included. 

The differences between the values obtained in the 
vitamin D* group and the group without vitamin D a 


as well as the groups receiving vitamin D* and the 
diphosphonates were examined statistically. As the 
values for aorta and kidney calcium followed a skewed 
distribution the nonparametric U test of Wilcoxon, 
Mann and Whitney was applied. 

Effects on Rise in Plasma Calcium Induced by PTH 

in Thyroparathyroidectomized Rats 

This method has also been described earlier [6]. 
In brief, male Wistar rats of 110* 20 g were thyropara¬ 
thyroidectomized (TPTX). From this moment they 
were changed from the diet containing 1.2% Ca and 
1.1% P on which they were raised to a diet containing 
0.18% Ca and 0.22% P. Furthermore, their drinking 
water was supplemented with calcium gluconate (2% 
w/v) starting immediately after TPTX until 6 days 
later. On the 4th day after TPTX the animals were 
caged in groups of 5 and the treatment with phospho- 
nates was allocated at random and given daily over 
the next 3 days. From the 6th day after TPTX the 
animals continued to eat, but were allowed to drink 
distilled water only. On the 8th day after TPTX no 
phosphonates were given. A blood sample was taken 
in the morning and the animals were injected once 
subcutaneously with 50 USP parathyroid extract 
■(PTH, Parathor-mone, Lilly, Indianapolis, USA) per 
rat. 6 h after the injection of PTH a second blood 
sample was taken. Plasma calcium was determined 
by atomic absorption spectroscopy and plasma phos¬ 
phate by a modification [16] of the phosphomolybdate 
method of Chen et al. [17]. 

As mentioned above, two separate experiments 
were performed. Five diphosphonates were compared 
in the first and four in the second experiment. In each 
experiment a group receiving no PTH, a group re¬ 
ceiving PTH alone, and a group receiving PTH and 
the diphosphonate CUMDP, which we have pre¬ 
viously shown to be active in this system [6], were in¬ 
cluded. The differences between the mean plasma cal¬ 
cium values in the animals receiving PTH alone and 
those receiving no PTH or PTH plus diphosphonates 
were examined statistically, using the two-sided Wil¬ 
coxon test again. 

Chemicals 

All reagents of analytical grade were purchased 
from Merck, Darmstadt, FRG, and vitamin D* was 
obtained from Wander, Berne, Switzerland. The di¬ 
phosphonates were a gift from the Procter & Gamble 
Company, Cincinnati, USA. Their formulae are given 
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in table I. All polyphosphonates were dissolved in water 
or NaCl solution as appropriate to reach isotonicity 
and the pH was adjusted to 7.4. HDDP which was 
insoluble at pH 7.4 was left at pH 3.5. The concentra¬ 
tions of the compounds were such that the daily dose 
was given in 0.2 ml/100 g BW. 

Results 

Effect on Aortic Calcification 

The results axe shown in table II. The cal¬ 
cium content of the aortas in the groups with¬ 
out vitamin D s was not significantly different 
in the two experiments. In the second ex¬ 
periment aortic calcification in the group re¬ 
ceiving vitamin D 3 alone was lower; this was, 
however, not statistically significant. The dif¬ 
ference between the two groups with and with¬ 
out vi tami n D 3 was highly significant in both 
experiments. 

In the first experiment, C1 2 MDP signifi¬ 
cantly inhibited aortic calcification at both 
doses. In the second experiment, the inhibition 
was only significant with the lower dose of 
CljMDP. At the higher dose no significance 
was obtained because of one extremely high 
value (69.4 pg Ca/mg aorta). Thus, high biolog¬ 
ical variation explains why some compounds 
are effective at low but not at high doses.' 

All compounds characterized by a P-C-P 
structure (geminal diphosphonates) and hav¬ 
ing free phosphate groups inhibited calcifi¬ 
cation. In contrast, condensate II, in which 
there are P-C-P groups,, but in which two of 
the phosphates form a diphosphate, was not 
active. The vicinal polyphosphonates charac¬ 
terized by a P-C-C-P grouping (DCEDP and 
PTP) were not effective. Weak effects were 
observed with HFCPDP which has vicinal 
phosphates on a pentane ring, and TPMA 
where the phosphates are linked to NCCH^. 
Thus, the geminal phosphonates have the 


strongest effects, but only HDDP resembles 
C1 2 MDP in activity. It was, however, toxic. 

Effect on Kidney Calcification 

As seen in table II, the calcium content of 
the kidneys in the control groups (no vitamin 
Dj) was not significantly different in the two 
experiments. Kidney calcification, as well as 
aortic calcification, was somewhat lower in 
the second experiment, but again this differ¬ 
ence was not significant. Significant inhibition 
of calcification was caused by C1 2 MDP at 
both doses in both experiments. All geminal 
diphosphonates except CHMDP showed ac¬ 
tivity, including condensate II, although only 
to a small extent. Again only HDDP matched 
C1 2 MDP in potency. The vicinal polyphos¬ 
phonates DCEDP and PTP had no effect. 
Some activity was observed with TPMA and 
also with HFCPDP. 

Oral Administration 

The first five compounds were also tested 
by administering them orally. Since the re¬ 
sults do not alter the conclusions drawn from 
the subcutaneous administration, they are not 
given in extenso. A significant effect on aortic 
calcification was obtained at 10 mg P/kg BW 
with C1 2 MDP, PAMDP, PPDP, CHMDP 
and HDDP and on kidney calcification with 
C1 2 MDP, PAMDP, PPDP and HDDP. At 
the dose of 1 mg P/kg BW, only C1 2 MDP and 
HDDP were effective on aorta calcification 
and only HDDP inhibited kidney calcification. 

Effect on PTH-Induced Change in Plasma 

Calcium in TPTX Rats 

Effect on Initial Plasma Calcium before 
Administration of PTH (table III)- Calcemia 
of the untreated control and the PTH alone 
groups was not significantly different. The 
initial plasma Ca in the groups treated with 


Effect of Poiyphosphonates on Calcification and Resorption 


301 


Table III. Effect of various poiyphosphonates on the change in plasma calcium measured before and after 
injection of parathyroid hormone into thyroparathyroidectomized rats; plasma calcium is given as mg 
Ca/100 ml i 1 SEM (number of determinations corresponds to survival) 


Compound Dose in mg 

P/kg BW s.c. 


Experiment 1 
Q,MDP 

1 


10 

PAMDP 

1 


10 

PPDP 

1 


10 

DCEDP 

1 


10 

CHMDP 

1 


10 

HDDP 

1 


10 

Untreated 

PTH alone 


Experiment 2 
C1*MDP 

1 


10 

HFCPDP 

1 


10 

PTP 

1 


10 

Condensate 11 

1 


10 

TPM A 

1 


10 

Untreated 

PTH alone 



Survival Initial plasma Ca 


8/10 

6.07±0.23 

8/10 

5.61 ±0.72 

10/10 

6.59±0.2S 

10/10 

10.0 ±0.23 1 

10/10 

6.46±0.25 

9/10 

7.20±0.75 

9/10 

6.97±0.26 

8/10 

9.24±0.32 I 

10/10 

6.93±0.33 

10/10 

9.49±0.25* 

9/10 

5.59±0.22* 

0/10 


15/15 

6.73 ±0.24 

44/47 

6.69±0.19 

9/10 

4.85±0.16 1 

6/10 

5.16±0.55 

10/10 

5.52±0.14 

9/10 

5.63 ± 6.25 

8/10 

5.90±0.26 

10/10 

5.89±0.21 

10/10 

5.42+0.31 

10/10 

6.05 ±0.20 

9/10 

6.25 ±0.25 

10/10 

6.62 ±0.48 

10/10 

5.66±0.14 

35/36 

5.82±0.15 


Change in plasma Ca 
6 h after PTH injection 


0.64±0.20» 

0.00±0.20 1 
2.27±0.26 
1.65 ±0.23 
1.56±0.31 
-0.02 ±0.23 1 
2.64 ±0.20 
2.19± 0.27 
2.1S±0.36 . 

1.64±0.22 

0.19±0.22 l 

-0.71 ±0.15 ) significant difference, 
2.07±0.20 | a <0.002 

0.88±0.21 1 

0.44±0.18 1 

2.40± 0.20 

2.27±0.37 

2.20± 0.49 

2.82±0.31 

2.10±0.25 

2.63±0.37 

2.58+0.26 

2.19+0.19 

-0.58+0.16 1 significant difference, 
2.30+0.22 I a <0.002 


' The difference between treatment mean and mean of PTH alone is significant a <0.002. 
1 a <0.01. 

3 a <0.05. 


C1 2 MDP and HDDP was slightly decreased 
whereas that of the groups receiving PAMDP, 
DCEDP and CHMDP was increased, some¬ 
times up to values similar to those seen in 
non-TPTX animals. 


Effect on Change in Plasma Calcium 6 h 
after PTH Injection . PTH induced a signifi¬ 
cant increase in plasma Ca in both experi¬ 
ments. This increase was inhibited only by 
HDDP, C1 2 MDP and PPDP. 
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Discussion 

These results confirm the earlier observa¬ 
tions [1] that the geminal diphosphonates are 
the best inhibitors of calcification. They also 
confirm that the effect is dependent on the 
structure of the geminal diphosphonate. It 
is interesting that only long-chain diphos¬ 
phonates matched C1 2 MDP in activity. Some 
of the compounds such as CHMDP and 
PAMDP, which were active in this study, 
also have been found to be active on bone and 
cartilage mineralization [18]. DCEDP, which 
was inactive, did, however, inhibit both car¬ 
tilage and osteoid mineralization in a pre¬ 
vious study [18]. This confirms previous find¬ 
ings that the inhibition of soft tissue calcifi¬ 
cation by a diphosphonate does not necessarily 
parallel the inhibition of hard tissue calcifica¬ 
tion. Thus, C1 2 MDP has been found to be an 
excellent inhibitor of calcification in soft tis¬ 
sues, but weak in bone and cartilage [2], 

Only HDDP and PPDP inhibited the hy¬ 
percalcemia induced by PTH besides CUMDP, 
and only HDDP was more effective than 
C1 2 MDP. In this animal model, where the 
animals are fed a low Ca diet when PTH is 
administered, the hypercalcemia is likely to 
reflect a change in bone resorption [19]. This 
is supported by earlier findings that com¬ 
pounds active in this model system also were 
found to inhibit actual bone resorption as 
measured in various systems [2, 7, 20], These 
compounds also reduce the initial calcemia, 
possibly by the same mechanism. In contrast, 
some other compounds increase the initial 
calcemia. Since these compounds are those 
which previously have been found to block 
bone and cartilage mineralization [18], the 
two effects might be related. 

It is interesting that all these new effective 
compounds are geminal diphosphonates with 


an elongated side chain. These results open 
new possibilities into the search for future, 
more powerful, inhibitors of calcification and 
bone resorption. 
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Trechsel, U., R. Schenk, J.-P. Bonjour, R. G. G. Rus¬ 
sell, and H. Fleisch. Relation between bone mineralization , 
Ca absorption , and plasma Ca in phosphonate-treated rats . 
Am. J. Physiol. 232(3): E298-E305, 1977 or Am. J. Physiol.: 
Endocrinol. Metab. Gastrointest. Physiol. 1(3): E298- 

E305, 1977.—Disodium ethane-l-hydroxy-l,l-diphosphonate 
(EHDP) is known to inhibit the crystallization of calcium 
phosphate salts in vitro. Large doses of EHDP administered in 
vivo inhibit skeletal mineralization, decrease intestinal cal¬ 
cium absorption, and produce hypercalcemia. In the present 
study, EHDP or one of 13 other phosphonates were given to 
rats at 10 mg P/kg day sc for 7 days in order to better define 
the nature of the relationship between bone mineralization, 
intestinal absorption, and plasma calcium in the regulation of 
calcium homeostasis. Each of the phosphonates which in¬ 
hibited skeletal mineralization in vivo also inhibited crystalli¬ 
zation in vitro, but the converse was not true. A very close 
correlation was found between inhibition of skeletal minerali¬ 
zation, decreased intestinal calcium absorption, and slight 
hypercalcemia. A dose-response study with two compounds 
also revealed the same close correlation. It is argued that the 
impairment of intestinal calcium absorption in phosphonate- 
treated rats may represent a secondary homeostatic response 
to the primary effect of the drugs on bone mineralization. This 
response may be mediated by an elevation of a fraction of 
plasma calcium. 

calcium homeostasis; plasma P s ; diphosphonates; cartilage 
mineralization; osteoid mineralization; bone resorption 


DISODIUM ETHANE- 1 - HYDROXY- 1,1 -DIPHOSPHONATE 

(EHDP) and certain other diphosphonates that contain 
P—C—P bonds are known to be potent inhibitors of the 
formation and dissolution of hydroxyapatite crystals in 
vitro (7-10, 18) and to inhibit bone turnover in vivo (11). 
In earlier studies a reasonable correlation could be 
found between the ability of particular diphosphonates 
to inhibit soft tissue calcification in vivo and their effect 
on apatite crystal growth in vitro (8). 

EHDP in large doses (5-10 mg P/kg-day sc), in addi¬ 
tion to its effects on soft tissue calcification, inhibits the 
mineralization of bone and cartilage and induces a form 
of rickets and a slight hypercalcemia in experimental 
animals (11, 15, 19). Also it has been found that EHDP 
in doses that inhibit bone calcification caused an im¬ 
pairment of the intestinal capacity for calcium absorp¬ 
tion (3, 11, 16). This effect on intestinal calcium absorp¬ 
tion appears to be due to diminished renal production of 
1,25-dihydroxy vitamin D 3 (l,25-(OH) 2 D 3 ), one of the ma¬ 


jor biologically active metabolites of vitamin D 3 . Treat¬ 
ment with rachitogenic doses of EHDP impairs produc¬ 
tion of l,25-(OH) 2 D 3 in both rats and chicks (1, 14), and 
the intestinal capacity for calcium absorption can be 
restored to normal in EHDP-treated rats by giving 
small doses of l,25-(OH) 2 D 3 (2). 

The mechanism by which this inhibition of 1,25- 
(OH) 2 D 3 production is induced in EHDP-treated ani¬ 
mals is unknown. There may be a direct effect of EHDP 
on the synthesis of l,25-(OH) 2 D 3 in the kidney, but for 
several reasons it seems more likely that the reduction 
in l,25-(OH) 2 D 3 represents a secondary homeostatic re¬ 
sponse which serves to protect the organism from being 
overloaded with calcium after the drug has inhibited 
calcium entry into bone. One change that could mediate 
this response is the rise in plasma calcium seen in 
EHDP-treated rats. 

In the present paper we have attempted to test this 
hypothesis by studying the relationships between the 
effects of a series of phosphonates of different structure 
on the formation of calcium apatite crystals in vitro and 
on bone mineralization, intestinal calcium absorption, 
and plasma calcium in vivo. Indeed, if a constant rela¬ 
tionship between these four variables is found with a 
considerable number of compounds, this would be 
highly-suggestive of a homeostatic link between them. 
Such a homeostatic mechanism could operate physiolog¬ 
ically. 

Nine of the compounds studied, including EHDP, con¬ 
tained a P—C—P bond which is thought to be essential 
for the inhibition of crystal formation (8, 10); the other 
five phosphonic acids chosen had a variety of other 
structures. It was found that there was a good correla¬ 
tion between the inhibition of crystal growth in vitro 
and the inhibition of bone mineralization, the decrease 
in intestinal absorption of calcium, and the rise in blood 
calcium in vivo. These correlations imply that there is a 
functional relationship between these parameters and 
support the hypothesis that the primary effect of the 
diphosphonates on bone is due to their physicochemical 
action to inhibit calcification. The decrease in intestinal 
calcium absorption appears to be a homeostatic re¬ 
sponse, possibly mediated by hypercalcemia. 

MATERIALS 

Table 1 shows the formulas of the phosphonic acids 
used in this study. The compounds were generous gifts 
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table 1 . List of phosphonates studied 




CH, 

Ethane-l-hydroxy-1,1- 

EHDP 

t 

H,0,P—C—PO,H, 

.diphosphonic acid 


1 

OH 



Cl 

Dichloromethane 

CWMDP 

l 

H,0,P—C—PO,H, 

diphosphonic acid 


1 

Cl 



C,H, 

l-Aminobutane.l.l- 

AB-l.l-DP 

1 

H,0,P—C—POjH, 

diphosphonic acid 


1 

NH, 

W^V-dimethylamino- 

DMAMDP 

H,0,P—CH—PO,H, 

methane diphos¬ 
phonic acid 


1 

N 



/ \ 



CH, CH, 



CHj 

1-Aminoethane-l ,1- 

AEDP 

1 

H,0,P—C—PO,H, 

diphosphonic acid 


1 

NH, 

1,2-Dicarboxy ethane* 1,2- 

DCEDP 

H,PO, H,PO, 

diphusphunic acid 


1 1 

CH —CH 

t i 



1 1 

COOH COOH 

Cyclohexylhydroxy- 

CHMDP 

PO,H 7 

niethane diphos¬ 
phonic acid 


Crf° H 



PO;,H a 

Methane diphosphonic 

MDP 

H,0,P—CH,—PO,H, 

acid 



Hydroxy methane 
. diphosphonic acid 

HMDP 

H:0,P—CH—PO,H, 

1 


OH 



NH* 

1 

Phenyl aminomethane 

PAMDP 

1 

H.O'P—C—PO :1 H, 

diphosphonic acid 


6 

/i-Pentnne 

PMP 

CH ;1 —(CH.h—PO,H* 

monophosphonir acid 



Ethane-1.2-diphosphonic 

E-1.2-DP 

CH*—PO,H ; 


acid 


N JV JV-triphosphono- 
melhylamine 


CH.—PO,H, 

CH*—PO ; ,H; 

/ 

TPMA N—CH*—PO.Hj 

\ 

ch 3 —po,h. 


A 1 JV -tet r aphosph ono- 
methylethylene- 
diamine 


H-OjP—CH- 


\ 


CH*—PO,H, 




TePMEDA 


N—CH*—CH.—N 
/ \ 

H»0 ; ,P—CH- _CH a —PQ 3 Ht 


from The Procter & Gamble Company, Cincinnati 
(EHDP, C1-.MDP, AEDP, DCEDP, CHMDP MDP 
HMDP, PAMDP, PMP, E-1.2-DP), and from Henkel & 
Cie GMBH, Dusseldorf, Germany (AB-l.l-DP, 
DMAMDP, TPMA, TePMEDA). 


METHODS 

Effects of Phosphonates on Formation of Apatite 
Crystals in vitro 

The minimum product (formation product) [Ca] x 
[P], required to induce precipitation of calcium phos¬ 
phate from solution, was measured by a slight modifica¬ 
tion of a method described previously (6). Ca, 1.7 mM, 
was incubated with increasing amounts (0.5-8.0 mM) of 
phosphate in plastic vessels on a shaker for 3 days at 
37°C. The solutions were buffered at pH 7.4 with 0.01 M 
barbital, and the ionic strength was adjusted to 0.16 by 
adding the appropriate amount of KC1. After 3 days any 
crystals formed were removed by centrifugation, and 
the amounts of calcium remaining in solution were 
compared with those present in vials incubated without 
the agent, thus permitting the determination of the 
minimum [Ca] x [P] product required to induce precipi¬ 
tation. 


Animal Experiments 

Male or female Wistar rats bred in this laboratory 
were raised and maintained on a commercial diet (Al- 
tromin no. 1314), containing 1.1% Ca, 1.2% P, and 2,800 
IU vitamin D :} /kg. Rats weighing 160-180 g were used 
for 19 separate experiments. In a first series of 12 experi¬ 
ments, the compounds were tested at a fixed dose level 
of 10 mg P/kg body wt sc, one or two substances being 
studied per experiment. In 11 of the experiments, EHDP 
was also tested, so that the reproducibility of the results 
was assessed not only in control (NaCl-treated) ani¬ 
mals, but also in animals treated with a highly active 
compound. In a second series of seven experiments, the 
effects of different doses of EHDP and of DMAMDP 
were tested. 

In each experiment the rats received subcutaneous 
injections of a particular phosphonate once daily (a.m.) 
for 7 days. For the dose of 10 mg P/kg, the phosphonic 
acids were dissolved in distilled water, and the solution 
was adjusted to pH 7.4 with 1 N NaOH and injected in a 
volume of 2 ml/kg body wt. When lower doses were 
used, the volume injected was kept constant by diluting 
with 0.15 M NaCl. Control rats were injected with an 
equivalent volume of 0.15 M NaCl. When doses above 10 
mg P/kg were given, the volume injected was increased. 

After the seventh injection, the animals were fasted 
overnight. On the next day the intestinal absorption 
capacity for calcium was measured as described below. 
Then the animals were killed, and both tibias were 
removed for measurement of the width of the epiphyseal 
plates and for histological examination. 

Blood samples for the determination of calcium and 
inorganic phosphate were taken from the tip of the tail 
on the 3rd day of treatment in a nonfasted state before 
and 1 h after the injection of the drug, and on the last, 
i.e., 8th day, after the animals had been fasted over¬ 
night just before the measurement of the intestinal 
calcium absorption capacity. These times were chosen 
on the basis of previous experiments with EHDP, m 
which two types of hypercalcemia could be distin¬ 
guished: an acute rise in plasma calcium shortly after 
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the injection of the drug and a chronic elevation which 
appeared after several days of treatment. In the present 
series of experiments, we measured the acute hypercal- 
cemic response by the change of plasma calcium 1 h 
after the third injection of the drug, and we measured 
the chronic response by the preinjection value for 
plasma calcium on the 3rd day and the value in the 
fasted animal before the tied-loop assay. 

Measurement of Intestinal Absorption Capacity 
for Calcium 

The animals were anesthetized with an intraperito- 
neal injection of 35-40 mg/kg of pentobarbital (Nembu¬ 
tal, Abbott Laboratories), and the calcium absorption 
capacity was estimated by a modification of the tied-loop 
in situ technique (17, 25) described in detail previously 
(2). The first 8-12 cm of the small intestine, referred to 
as the duodenum, were rinsed with cold saline, and the 
segment was closed at the distal end. Then it was filled 
with 0.5 ml of a solution containing 150 mM NaCl, 0.4 
mM CaCl 2 , and 0.1 ju.Ci/0.5 ml 4r> Ca (sp act 30 mCi/mg), 
and the segment was closed at the proximal end just 
beyond the entry of the bile duct. After 15 min the loop 
was excised and the contents emptied into a test tube. 
The 4r> Ca activity in the luminal fluid was determined, 
and the fraction of 4r *Ca that had disappeared from the 
lumen during the incubation could then be calculated. 
The intestinal segments were blotted and then ashed in 
order to measure the 4r, Ca content in the tissue. The 
percentage of the initial amount of 4r 'Ca found in the 
intestinal wall, namely 8.25 ± 1.91% (mean ± SD), was 
not altered by treatment with phosphonates. Therefore, 
the differences in the percentage of 4r> Ca which disap¬ 
peared from the tied loops during the incubation is a 
good measure of the difference in the percentage of 
tracer transported beyond the intestinal wall. 

Measurement of Width of Epiphyseal Plate 

Three frontal sections of the upper part of one tibia of 
each rat were stained according to Von Kossa’s tech¬ 
nique. The width of the epiphyseal plate was measured 
under the microscope in three different parts of every 
section, and the mean of the measurements was taken. 

Histological techniques used for examination of the 
proximal tibia by microradiography and by light micros¬ 
copy were essentially the same as those described in 
detail elsewhere (19). 

Analytical Methods 

Plasma calcium was determined by atomic absorption 
(Perkin Elmer Corp. model 290 B) after dilution of the 
sample with 0.5% LaCL. Inorganic phosphate was mea¬ 
sured using the method of Chen et al. (5). The 4:, Ca 
activities were measured on a Packard Tri-Carb liquid 
scintillation counter (model 2425). 

Statistical Analysis 

Effects of treatment with various phosphonates at a 
dose of 10 mg P/kg body wt . The experimental results 


were expressed as mean ± standard error, and the 
significance of the differences between groups was de¬ 
termined by the Student t test for unpaired values. The 
values for plasma calcium and inorganic phosphate of 
treated animals were compared with the pooled control 
values of all experiments. This was also done for cal¬ 
cium absorption, inasmuch as the mean control values 
in different experiments were 84.53 ± 3.05% (mean ± 
SD) and therefore very reproducible. However, the 
mean control value for the width of the epiphyseal 
plates was less constant, and therefore the values in the 
treated animals were compared with the control values 
from the same experiment. 

Effect of different doses of DMAMDP and EHDP. 
These experiments were analyzed separately. Results of 
the different experiments in the dose-response study 
were pooled and analyzed as above. The calcium absorp¬ 
tion results were expressed as a ratio to control, taking 
the mean control value for each experiment as 1.0. 

RESULTS 

Effects of Phosphonates on Formation Product of 
Apatite Crystals in vitro 

The results are shown in Table 2. PMP and E-1,2-DP 
were the only compounds that had minimal effects at 
10~ 6 and 10 -5 M. C1 2 MDP and DMAMDP were highly 
active at 10 -5 M, whereas all the other compounds pro¬ 
duced a marked increase of the formation product at 
10 M. EHDP and TePMEDA were still very active at 
10~ 7 M. 

Effects of Phosphonate Treatment at a Dose 
of 10 mg P/kg Body Wt 

The effect of treatment with phosphonates on the 
mineralization of the epiphyseal plate of the tibia is 
shown in Table 3 and Fig. 1. Nine of the compounds, 

table 2. Influence of various phosphonates on 
minimum product [Ca] x [P] (formation 
product) necessary to induce precipitation of 
calcium phosphate from solution 


Compound 

Mean Increase in Formation Product over Control Value 

10"* M* 

. io-« M* 

10“ 7 M* 



mM* 


EHDP 


>7.30 (6)+ 

1.88 (5)t 

CUMDP 

5.30 (l)t 

+ 1.10 (l)t 


AB-l.l-DP 


>3.83 (2) 

1.21 (1) 

DMAMDP 

>3.63 (1) 

+ 1.01 (2) 


AEDP 


+ 4.90 (l)t 

0.30 <l)t 

DCEDP 


+3.54 (1) 


CHMDP 


+3.58 (1) 


MDP 


+ 2.21 (7)7 

0.62 (5)t 

HMDP 


+ 3.10 <1)7 

0.40 (l)t 

PAMDP 

>4.03 (1) 

>4.03 (1) 

1.21 (1) 

PMP 

+0.38 (6)+ 

+ 0.47 (8)t 


E-1.2-DP 

+0.50 (l)t 

+ 0.20 (1)1 


TPMA 

>3.63 (1) 

+ 1.81 (2) 


TePMEDA 


>3.43 (2) 

2.02 (1) 


Numbers of experiments are shown in parentheses. *Concentra- 

tion of phosphonate. tResults published by Fleisch et al. (8). 
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table 3. Effect of 7 days of phosphonate treatment on 
bone mineralization and bone resorption and on 
disappearance of 4h Ca from isolated 
duodenal loops in situ 


Treatment 

No. of 
Animals 

width of 
Epiphyseal 
Plate, Aim 

Histology 

No. of 
Animals 

"Ca Disap¬ 
peared from 
Ligated 
Segment, % 
Initial Ac¬ 
tivity 

Inhibition of 
mineralization 
in tibial epi¬ 
physis and 
metaphysis 

Inhibition 
of resorp¬ 
tion in 
meta¬ 
physis 

Carti¬ 

lage 

Osteoid 

EHDP 

38 

1,374 ±32“ 

+ 

+ 

+ 

37 

50.4±1.4“ 

C1,MDP 

4 

462 ±37 

- 

- 

+ 

4 

91.4±1.7 r 

AB-1,1-DP 

4 

1,025 ±103* 

+ 

4* 

- 

4 

58.1 ±10.3“ 

DMAMDP 

12 

810 ±58“ 


+ 

- 

12 

8l.5±1.5 

AEDP 

4 

1,162 ±97“ 

+ 

+ 

- 

4 

40.7±8.0* 

DCEDP 

4 

775*97" 

( + )• 

+ 

- 

3 

45.3±4.3“ 

CHMDP 

4 

1,487±31“ 

+ 

+ 

- 

4 

53.1±4.9* 

MDP 

8 

362 ±18 

- 

+ 

+ 

7 

69.3±2.3“ 

HMDP 

3 

733 ±44" 

( + )" 

+ 

+ 

2 

51.1±7.6“ 

PAMDP 

4 

1,200 ±79“ 

+ 

+ 

+ 

4 

53.9±5,9* 

PMP 

8 

451 ±30 

- 

- 

- 

8 

82.2±2.5 

E-1.2-DP 

4 

475 ±25 

- 

- 

- 

4 

91.7-2.4' 

TPMA 

4 

544 ±67 

- 

<+) H 

+ 

4 

81.0*3.9 

TePMEDA 

4 

1,275 ±105“ 

+ 

+ 

+ 

4 

55.5± 1.1* 

Control 

47 

411±14 

- 

- 

- 

42 

84.5±1.0 


Values are means ± SE. Phosphonate treatment, 10 mg P/kg-day sc. m P < 
0.001. h P < 0.01. 'Locally inhibited. "In two animats, toward the end of the 
experimental period. VP < 0.05. 


EHDP, AB-1,1-DP, AEDP, DMAMDP, DCEDP, 
CHMDP, HMDP, PAMDP, and TePMEDA, produced a 
significant enlargement of the epiphyseal plate after 7 
days of treatment. MDP did not produce an enlarge¬ 
ment of the epiphyseal plate as measured by the macro¬ 
scopic Von Kossa technique, but detailed histology 
showed that the mineralization of newly formed osteoid 
was inhibited, even though the mineralization of the 
cartilage in the hypertrophic zone of the epiphyseal 
growth plate was normal. The histological examination 
of the bones also revealed that the enlargement of the 
epiphyseal plate after treatment with DMAMDP, as 
measured by our technique, overestimated the effect of 
this drug, because the enlargement was visible only at 
the periphery of the plate, the center appearing normal. 
For all the other compounds, the Von Kossa stain was a 
reliable index of the mineralization of the epiphyseal 
plate. 

Seven of the compounds significantly inhibited remo¬ 
delling of the metaphysis by inhibiting the resorption of 
cartilage and bone. In one case (C1 2 MDP) this took place 
without accompanying inhibition of mineralization, 
whereas with the others (EHDP, MDP, HMDP, 
PAMDP, TPMA, and TePMEDA) inhibition of osteoid 
or of osteoid and cartilage mineralization occurred. 

Table 3 also shows the results for intestinal absorp¬ 
tion of calcium. EHDP, AB-1,1-DP, AEDP, DCEDP, 
CHMDP, HMDP, PAMDP, and TePMEDA all produced 
a similar, large decrease of the calcium absorption ca¬ 
pacity of the duodenum. MDP produced a significant 
but weaker effect. C1 2 MDP and E-1,2-DP produced a 
small, but statistically significant increase of the cal¬ 
cium absorption, whereas the remaining compounds 
had no effect. 

The values for plasma Ca are presented in Table 4. 
Three values are shown: 1) the plasma Ca before the 


third injection of the drug, 2) the change 1 h after the 
third injection, and 3) the value in the fasted animals 24 
h after the seventh injection and just before the tied-loop 
assay. EHDP, AB-1,1-DP, AEDP, DCEDP, CHMDP, 
HMDP, PAMDP, PMP, and TePMEDA produced an 
elevation of one, two, or all three values. In contrast 
AEDP, HMDP, and PMP caused a significant decrease 
in one or more of the values, but the remaining com¬ 
pounds did not change plasma calcium. 

Table 5 shows the values for inorganic phosphate 
corresponding to the calcium values shown in Table 4. 
Among the preinjection values on the 3rd day of treat¬ 
ment, the majority were decreased. One hour after the 
injection, TPMA produced a significant increase and 
HMDP produced a decrease in plasma phosphate. In the 
fasted animals at the end of the experiment, three of the 
phosphonates produced values significantly lower, and 
three significantly higher than the control values. 

Effects of Different Doses of DMAMDP and EHDP 

Figure 2 shows the effects of 1, 10, and 30 mg P/ 
kg*day DMAMDP. P, 10 mg/kg day, produced an en¬ 
largement of the epiphyseal plate, but, as mentioned 
above, this value overestimates the effect of the drug on 
bone mineralization at this dose level. With the higher 
dose of 30 mg P/kg, there was a clear effect on all three 
variables. 

A similar study using EHDP is shown in Fig. 3. The 
effects on skeletal mineralization, intestinal absorption, 
and plasma calcium all began to appear at the same 
dose level, namely 5 mg P/kg-day. However, with a 
dose of 5 mg P/kg, the preinjection plasma calcium was 
not significantly increased, whereas at 10 mg P/kg all 
three values of plasma calcium were elevated. 

Body Weight Gain and Toxicity 

Although the animals were not pair fed, body weight 
was recorded during treatment. The following com¬ 
pounds significantly inhibited weight gain: EHDP, AB- 
1,1-DP, AEDP, DCEDP, CHMDP, HMDP, and Te¬ 
PMEDA. E-1,2-DP caused a significant increase in body 
weight. Histologically there was no evidence for a de¬ 
creased growth of the tibia, and the effects on minerali¬ 
zation cannot be attributed to effects on growth. 

DISCUSSION 

Several findings are of interest concerning the effect 
of the phosphonates on skeletal mineralization. There is 
a good correlation between their effect on crystal forma¬ 
tion in vitro and the inhibition of epiphyseal mineraliza¬ 
tion in the sense that all the compounds that inhibited 
bone mineralization also inhibited crystal formation in 
vitro. The reverse, however, was not true, since 
C1 2 MDP was an active inhibitor of crystal formation in 
vitro, but did not inhibit the bone mineralization proc¬ 
ess in vivo. 

Five of the compounds tested did not contain the P— 
C—P bond of the geminal diphosphonates. DCEDP and 
E-1,2-DP are vicinal diphosphonates, the two phosphate 
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fig I 1 . Microradiographs of proxi¬ 
mal ends of rat tibias. A: control. B: 
treatment with 10 mg P/kg-day sc of 
MDP. Inhibition of bone and calcified 
cartilage resorption, inhibition of bone 
mineralization, but undisturbed carti¬ 
lage mineralization. This results in a 
cylindrical shape of metaphyseal seg¬ 
ment formed under treatment. Densely 
packed, thin mineralized septa corre¬ 
spond to calcified cartilage coated with 
some osteoid. No extention of marrow 
cavity in proximal direction. C: treat¬ 
ment with 10 mg P/kg * day sc of EHDP. 
Inhibition of bone and cartilage resorp¬ 
tion, combined with an inhibition of 
both bone and cartilage mineraliza¬ 
tion. Transverse low-density lines in 
metaphysis indicate a temporary ar¬ 
rest of bone mineralization immedi¬ 
ately after injections on 1st and 2nd 
day. The third and following injections 
led to a complete arrest of mineraliza¬ 
tion and consecutive widening of the 
growth plate. D: treatment with 10 mg 
P/kg day sc of C1 2 MDP. Inhibition of 
bone and calcified cartilage resorption, 
undisturbed bone and cartilage miner¬ 
alization. Cylindrical shape of meta¬ 
physis, increased number of trabecu¬ 
lar, normal width of growth plate. 


groups being attached on two neighboring carbons (P— 
C—C—P). Interestingly DCEDP, in which there are 
two carboxyl groups as well as two phosphoric acid 
groups, is an active inhibitor of crystal formation in 
vitro and of skeletal mineralization in vivo, whereas E- 
1,2-DP had no effect. Both TPMA and TePMEDA which 
do not contain the P—C—P structure of the active di- 
phosphonates were inhibitors of crystal formation in 
vitro, and TePMEDA was also particularly active in 
vivo. These results support the hypothesis (8, 10) that 
the inhibition of crystal formation and of bone minerali¬ 
zation depends on the presence of at least two —P0 3 H 2 


groups in a well-defined steric relationship similar to 
that present in the P—O—P bond of pyrophosphate. 

There was a clear association between the effects on 
bone and gut because all the treatments that inhibited 
the mineralization of osteoid or of osteoid and cartilage 
also produced an impairment of the intestinal capacity 
for calcium absorption. In general, the mineralization of 
osteoid was more sensitive to inhibition by phosphon- 
ates than was the mineralization of cartilage, and those 
doses of phosphonates (e.g., MDP at 10 mg P/kg) that 
inhibited osteoid alone rather than both osteoid and 
cartilage were associated with a smaller effect on intes- 
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table 4. Plasma calcium at three different times 
during phosphonate treatment 


Treatment 

Plasma Calcium Before 
Third Injection 

Change in Plasma Cal¬ 
cium 1 h After Third In¬ 
jection 

Plasma Calcium 24 h 
After 7th Injection 

No. of 
ani¬ 
mals 

mg/100 ml 

No. of 
ani¬ 
mals 

mg/100 ml 

No. of 
ani¬ 
mals 

mg/100 ml 

EHDP 

39 

10.88 

±0.10 b 

39 

+2.10 

±0.13 b 

34 

10.66 

±0.07 b 

C1 2 MDP 

4 

10.09 

±0.18 NS a 

4 

-0.15 
±0.20 NS 

4 

10.22 

±0.25 NS 

ab-u-dp 

4 

11.21 
. ±0.08 b 

4 

+ 0.06 
±0.25 NS 

4 

10.74 

±0.29 c 

DMAMDP 

12 

10.17 
±0.14 NS 

12 

+0.11 
±0.20 NS 

12 

9.92 

±0.10 NS 

AEDP 

4 

10.43 

±0.11 NS 

4 

-0.40 

±0.05 a 

4 

11.09 

±0.21" 

DCEDP 

4 

11.13 

±0.30 1 ' | 

4 

-0.39 
±0.43 NS 

4 

10.15 

±0.36 NS 

CHMDP 

4 

11.74 

±0.18 b 

4 

+0.55 

±0.17 c 

4 

10.74 

±0.16 l 

MDP 

8 

10.42 

±0.11 NS 

8 

+ 0.04 
±0.12 NS 

4 

9.99 

±0.04 NS 

HMDP 

4 

9.40 

±0.34 b 

3 

+ 1.86 • 
±0.59 b 

2 

9.43 

±0.01 l 

PAMDP 

4 

10.66 
±0.13 NS 

4 

+0.19 
±0.12 NS 

4 

10.98 

±0.25 b 

PMP 

8 

10.72 

±0.08“ 

8 

-0.48 

±0.27‘ 

4 

10.28 

±0.14 NS 

E-1,2-DP 

4 

10.10 
±0.17 NS 

4 

+ 0.08 
±0.24 NS 

4 

10.26 

±0.32 NS 

TPMA 

4 

10.43 
±0.15 NS 

4 

+0.23 
±0.13 NS 

4 

9.79 

±0.12 NS 

TePMEDA 

4 

11.34 

±0.20 b 

4 

+ 0.38 
±0.17 NS 

4 

10.73 

±0.09 l 

Control 

47 

10.29 

±0.07 

47 

+0.01 

±0.06 

42 

10.16 

±0.06 


Values are means ± SE. Phosphonate treatment, 10 mg P/kg • day 
sc. Level of significance of the difference versus pooled control 
values of all experiments by the Student / test for unpaired val¬ 
ues. a NS, P > 0.05. b P< 0.001. V P <0.01. ‘Pc 0.05. 

tinal calcium absorption capacity. The association be¬ 
tween the effect on skeletal mineralization and on cal¬ 
cium absorption was also demonstrated in the dose- 
response study using DMAMDP and EHDP, although 
DM AMDP in a dose of 10 mg P/kg tended to produce an 
enlargement of the epiphyseal plate without affecting 
calcium absorption. In a preliminary report (23), we 
interpreted this finding with DMAMDP as an indica¬ 
tion that the two effects could be dissociated. However, 
subsequent detailed histological examination revealed 
that we had overestimated the effect on epiphyseal min¬ 
eralization so that there is no clear evidence for such a 
dissociation. 

It is interesting to speculate about the mechanism by 
which the effect of phosphonate treatment on bone min¬ 
eralization and on intestinal calcium absorption might 
be linked. The impairment of calcium absorption in 
EHDP-treated animals is the result of a decreased pro¬ 
duction of l,25-(OH) 2 D 3 in the kidney (1, 2, 14). Al¬ 
though 1,25-(OH) 2 D 3 was not measured directly in the 
present study, it is reasonable to suggest that the other 
phosphonates impair the capacity for intestinal calcium 
absorption by the same mechanism. 

The mechanism by which the renal 1-hydroxylase 
might be inhibited is obscure. A direct effect of EHDP 


on the enzyme, which has been demonstrated in vitro 
using high concentrations of EHDP (1, 13), seems an 
unlikely explanation for several reasons. The inhibitory 
effect of the drug given in vivo has been shown to 
depend on the animal's vitamin D status (14), as well as 
on dietary calcium (22), and is therefore more likely to 
be indirect. Furthermore, the striking correlation be¬ 
tween the effects on skeletal mineralization, on intes¬ 
tinal absorption, and on plasma calcium suggests that 
the three events are associated. Rather than propose 
that each phosphonate has independent effects on each 
of these changes, a simple explanation is that there is a 
single primary effect on one of these events which leads 
to secondary changes in the others. Previous studies 
with EHDP suggest that inhibition of skeletal minerali¬ 
zation occurs very rapidly and may be the earlier 
change, whereas the effect on intestinal calcium absorp¬ 
tion takes 3 days to reach its maximum. Since plasma 
calcium has been proposed to play an important role in 
the regulation of l,25-(OH) 2 D 3 production under physio¬ 
logical conditions (4), the slight hypercalcemia that is 
present whenever intestinal absorption is decreased 
could be the signal that mediates the change in the 
intestine when skeletal mineralization is inhibited. The 
rise in plasma calcium may be related directly to im- 

table 5. Plasma inorganic phosphate at three different 
times during phosphonate treatment 


Plasma Inorganic Phos- Change in Plasma Inor- Plasma Inorganic Phos¬ 
phate Before Third In- ganic Phosphate 1 h phate24h After Seventh 
jection After Third Injection Injection 


Treatment - 

No. of 
ani¬ 
mals 

mg/100 ml 

No. of 
ani¬ 
mals 

mg/100 ml 

No. of 
ani¬ 
mals 

mg/100 ml 

EHDP 

37 

9.98 

±0.13 NS a 

36 

-0.33 
±0.15 NS 

34 

8.96 

±0.22 b 

C1 2 MDP 

4 

8.41 

±0.12 b 

4 

-0.43 
±0.31 NS 

4 

8.43 

±0.22 d 

AB-1,1-DP 

4 

8.45 

±0.42 b 

4 

-0.46 
±0.16 NS 

4 

9.74 

±0.42 NS 

DMAMDP 

11 

8.48 

±0.19< 

11 

+ 0.03 
±0.20 NS 

12 

9.57 

±0.23 NS 

AEDP 

4 

7.66 

±0.13 l 

4 

+ 0.39 
±0.36 NS 

4 

11.01 

±0.71 d 

DCEDP 

4 

8.41 

±0.22 h 

4 

-0.18 
±0.30 NS 

4 

10.75 

±0.16 NS 

CHMDP 

4 

9.37 

±0.47 NS 

4 

-0.11 
±0.45 NS 

3 

9.31 

±0.91 NS 

MDP 

8 

8.49 

±0.22 l 

8 

-0.27 
±0.19 NS 

4 

9.21 

±0.08 NS 

HMDP 

3 

8.70 

±0.32 d 

2 

-2.07 

±0.66 b 

2 

7.18 

±0.18 l 

PAMDP 

4 

10.17 

±0.38 NS 

4 

-0.31 
±0.40 NS 

4 

9.09 

±0.81 NS 

PMP 

8 

9.74 

±0.34 NS 

8 

-0.18 
±0.30 NS 

4 

11.06 

±0.03 d 

E-1.2-DP 

4 

10.10 
±0.45 NS 

4 

-0.33 
±0.42 NS 

4 

9.88 

±0.78 NS 

TPMA 

3 

8.57 

±0.26 d 

3 

+ 0.88 
±0.20 b 

3 

9.95 

±0.26 NS 

TePMEDA 

4 

10.65 
±0.23 NS 

4 

-0.61 
±0.18 NS 

4 

11.07 

±0.31 d 

Control 

47 

9.76 

±0.13 

47 

-0.37 

±0.11 

41 

9.84 

±0.16 


Values are means ± SE. Phosphonate treatment, 10 mg P/kg * day 
sc. Level of significance of the difference versus pooled control 
values of all experiments by the Student t test for unpaired val¬ 
ues. a NS,P > 0.05. b P<0.01. ‘Pc 0.001. d P < 0.05. 
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FIG. 2. Effects of DMAMDP given at a dose of 1 (n = 8), 10 (rc = 
12), and 30 (n =8) mg P/kg day for 7 days. Values are means ± SE. 
*** t P < 0.001 as compared to controls (n = 23). Results of 6 
experiments were pooled. Tied-loop results were expressed in a 
standard way by dividing all values of an experiment by mean value 
of controls of same experiment. Values of plasma calcium are prein¬ 
jection values on 3rd day of treatment. 


paired entry of calcium into the skeleton. Of interest, 
the acute increase of plasma calcium has been found to 
be due solely to an increase of a nonionized, nonultra- 
filtrable component. Similar results were obtained by 
Gitelman (12) in dogs infused with large amounts of 
EHDP. It is thus tempting to speculate that the calcium 
complex found in plasma from EHDP-treated rats might 
be directly involved in the link between skeletal miner¬ 
alization and calcium absorption. 

No correlation was found between plasma inorganic 
phosphate and the effects of phosphonate treatment. 
This is of interest, because plasma inorganic phosphate 
has also been suggested to play a role in the regulation 
of l,25-(OH) 2 D : , production (21). Although pur results 
suggest that the plasma concentration of Pi is unlikely 
to play a role in the impairment of calcium absorption in 
the intestine of phosphonate-treated rats, it is possible 
that changes in intracellular phosphate might be in¬ 
volved. There is evidence that the distribution of inor¬ 
ganic phosphate is altered during treatment with phos- 
phonates in experimental animals and humans (20, 24). 

In conclusion, we have studied the influence of 14 
phosphonates on bone mineralization, intestinal cal¬ 
cium absorption, and plasma Ca. The effects of each 
compound on the three variables were closely interre¬ 
lated, suggesting a homeostatic link between them. The 
inhibition of bone mineralization is likely to be the 
primary effect of the drugs, inasmuch as this correlates 
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fig. 3. Effects of EHDP given in a dose of 2.5, 5, and 10 mg P/ 
kg day sc for 7 days. There were 12 animals in each group. Values 
are means ± SE. **, P < 0.01, *** t P < 0.001 as compared to controls. 
Results of 4 separate experiments were pooled. Tied-loop results 
were expressed in a standard way by dividing all values of an 
experiment by mean value of controls of same experiment. Three 
values of plasma calcium are indicated, namely preiiyection (closed 
circles) and 1-h post injection (open circles) values on 3rd day of 
treatment, and value in fasted animals (triangles) before tied-loop i 
assay. * 
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well with their physicochemical action on hydroxyapa¬ 
tite crystal formation. The impairment of intestinal 
calcium absorption could then be considered to be a 
secondary homeostatic response to the decrease of cal¬ 
cium deposition into bone, protecting the organism from 
being overloaded with calcium. The factor that might 
mediate this response could be an increase in some . 
fraction of plasma calcium. 

These studies may indicate a new way of approaching 
the relationship between skeletal mineralization and 
intestinal absorption of calcium and provide a useful 
basis for the choice of certain phosphonates as potential 
therapeutic agents against disorders of calcium metabo¬ 
lism in humans. 
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Abstract. 1. Various phosphorate*. which arc compounds 
containing C-l* bonds, have been studied to see whether they 
arc able to inhibit, in a man nor similar to that of pyrophos¬ 
phate and the condensed phosphates, the crystallization of 
calcium phosphate ir, vitro and the pathological calcification 
of the aorta and the kidneys of rats given .large amounts of 
vitamin l)j. * 

2. Six of the ten compounds studied markedly increased 
the minimum product, [C'n] x [i’j, required to induce the 
precipitation of calcium phosphate in vitro under physiological 
conditions of pH, ionic strength and temperature*. Inhibition 
was observed o.t concentrations as low as 10~ 7 —10; 8 M. 

. 3. Most of the diphosphonatos, particularly those pos¬ 
sessing F-C-P bonds, showed some ability to inhibit tire 
calcification of the aortas and kidneys of rats treated with 
large amounts cf vitamin L\. The mo-t effective inhibitors 
were methylene diphosphonato pJDP), etluine-l-hyclroxy-I: 


1-diphosphonate (RlIPP) and dichloromelhylonc d [phos¬ 
phorate (CI>MDi ) ). 

4. The phosphonates that possess P-C*P bonds thus appear 

to have effects on the deposition of calcium phosphate ui vitro 
and in vivo similar to those of inorganic pyrophosphate and 
the condensed phosphates, which possess P-O-P bonds. These 
phosp ho nates differ from the condensed phosphates in that 
they inhibit kidney calcification as well as aortic calcification 
and are active by mouth as well as p ar c :1 1 e ra lly. -T 1 • c wider 
spectrum of activity of tire phosphonates in vivo limy be due 
to the fact that they are mote resistant- to chemical and 
enzymic breakdown. ' . . 

5. Phosphorates might be used therapeutically in man 
against diseases in which calcium salts deposit in soft tissues. 

Keywords: Calcification, phosphorates, pyrophosphate, 
calcium, phosphorus, nephroealemosis, arteriosclerosis. 


Low concentrations of inorganic pyrophosphate in¬ 
hibit both the precipitation [l] and growth [2] of 
hyclroxyapatite cryst a I s in-vitro*. S in ce.pyrophosp 1 \ate 
has been found to bo present in plasma at concentra¬ 
tions similar to those required to produce inhibition 
in vitro [3], it has been suggested that- pyrophosphate 
Bright- be one of the physiological agents responsible 
for preventing deposition of calcium phosphate iri 
soft tissues m vivo [3, 4]. At sites of mineralization it 
was supposed that the pyrophosphate would have to 
be removed enzy micaliy before deposition of calcium 
phosphate could occur. 

In support of this hypothesis pyrophosphate and 
long chain condensed phosphates administered par¬ 
ent e rally have been shown to be able to inhibit certain 
types of experimentally-induced calcification in an¬ 
imals. Thus those compounds prevent the aortic 
calcification induced by vitamin D 3 in rats [5] and 
skin calcification induced by dihydrotaehysterol in 
rats [6, 7J. At the same doses they are, however, 
unable to inhibit the kidney calcification produced 
by vitamin D 3 [6], ancl have no effect upon the miner¬ 
alization of bone [S]. It was thought that the differing 
sensitivity of various tissues to inhibition of calcifica¬ 
tion by condensed phosphates might be related to the 
amount of pyrophosphatase they contained; tissues 
such as kidney and bone that are rich in pyrophos¬ 
phatases and alkaline ph-'-sphatascs, enzymes which 


arc now recognized to be able to act as pyrophos¬ 
phatases [9—12], would be capable of hydrolysing 
the pyrophosphate before it could act. Since the 
intestine contains a high amount of alkaline phos¬ 
phatase [13], a similar explanation might account- for 
the observation that the condensed phosphates only 
inhibit calcification when administered subcutaneously 
but not when given orally. 

Since the condensed phosphates were ineffective 
by mouth and did not act against all forms of soft 
tissue calcification their potential clinical application 
against disorders of calcification seemed somewhat 
limited. What seemed to be required were compounds 
similar to pyrophosphate in their behaviour towards 
hydroxyapatite but resi tant to hydrolysis by pyro¬ 
phosphatase. Compounds that possess the P-C-P bond 
instead of the P-O-P bond exliibit these properties 
[14—16]. In this paper we report the effect of a 
number of phosphonates possessing C-P or P-C-P bonds 
on the precipitation and crystallization of hydroxy¬ 
apatite in vitro and on the calcification of rat.aorta 
and kidney in vivo . The results indicate that the 
diphosphonates have a wider spectrum of activity 
than the condensed phosphates. Thus, not only are 
they active against aortic calcification but also 
against renal calcification and when given by mouth. 
Preliminary results have been presented elsewhere 
[15,16]. 
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Table 3. Jji.it of phor intonates studied 


n-pentaiieuionupho ■■■phonic acid 

ethane-1:2-dipIio;p!ionic acid 

xacthylcnediphosphoruc acid 

metliylcnchydto\*ydi;>!>o.;phonlc acid 

djcliIoronieihylciicdipLo:;phonic acid 

ethane-1-a minol: l-clipfcospliouic acid 

e thane-1-hydroxy-1: l-dipho.'pho;iie acid 


propane-1:1:3:3*toCrapLospho:uc acid 


polyester chain condensate of EHDP 
with acetic anliydrido 


' Abb re viatic*: 


PMP 

E-1:2-DP 

MDP 

’ inwr. 

CJ^mp 

EADP 

EHDP 


ethano-1-hydroxy. 1:1:2-triphosphonij acid E-l-HTP 


PTeP 


i Porniula (ns acmj 

cir-(Ctr 2 ) A —ro-TF a 
cir a —pOjU, 
hr,—rojr, 

/ p Ojir a 

cir, 

X l'0,lT a 

/ p 0 s H a 

CH—Oil 

\ro a u a 


Condensate I 


/ p O a K a 



/ p 0 3 n 2 

CH 

I^P0 a Tr 2 

CII 2 

po,h 2 

N 'POjH 2 


<6 


CH a —C— 

II 

0 


/ 

O—c 


po 4 h, 0 - 

s .. 


\ \ , 

CH a OHj 


-0—C^ch" 


P0 1 H 1 


1.9 


P0 3 II 2 


Materials and Methods 

The phosphouates were synthesized by the Frocter 
and Cambio Co., Cincinnati, Ohio, D.S.A., and were 
kindly supplied to us by Dr. M. ]). Francis. Sodium 
salts of the compounds listed in Table 1 were used. 

Effect of Phosphorates on the Formation of Apatite 
Crystals in vitro . The minimum product (formation 
product), [Ca] x [P], required to induce precipitation 
of calcium phosphate from solution was measured as 
Z Europ. c!b. lavpj;., Vol. l 


described previously [1], With this method 1.7 mMCa 
is incubated with increasing amounts (0.5—S.O mil) of 
phosphate in siliconized vessels on a shaker for 3 days 
at 37 °C. The solutions are buffered at pH 7.4 with 
0.01 M barbital and the ionic strength is brought to 
0.16 by adding the appropriate amount of KCL After 
3 days any crystals formed are removed by filtration 
through “Gottingen Slembraa” filters (0.45 p. pore 
size) and the amounts of calcium and phosphate 


T.-'.Ij'u 2. I nil if: nee of i arinui j 

■ ' ' .. '«.v* a 


‘product [C«J X ( P] in vu\P ((omin t f^J -rodnet) necessary to 
inrf dee prccjpitatlon cj cede in m id o iph -, •//,u >! * soJut ion . Incu.bu. 
'lion (or three day< at pH 7.1 c.rA -7/' C. Control valu^ 

7 / ' * . \phe.j;donaies were dAd ±0.13 

~). It:*: results shown here re¬ 
in. minimum [Co J X [ PJ product oheerced 

f*A .’I I Cl 1 ll- ' V 


’ tion (or three dety< at pH , .* , w , , . 
obtained (r:n 11 incubation without ply ;ph 
(mean ±S 1H [Co j y.f 1* j in mVA). The rend Is shown hTre re 
present the inc reuse in. minimum [CvJx[PJ product obeerceU 
i/t the pics--nee o( tli ■, pko-ipkonatc, co/n.pared wit}-.- the in in ini y.tn 
[CoJxfP] product required (or crystal formation in a para lid 
experiment tut in the absence of the phosphonatc . Number of 
experiments in parentheses 


- CoilkjKKlKCl 

Mean increase in formation product 
over control value 


Concentration of pho.rpho: 

:ate 


lCr* M 

10~ 6 M 

10-’M 

PMP 

K-l :2-DP 

MDP 

MilDP 

CljMDP 

EADP 

EHDP 

E-l-HTP 

PTeP 

Condensate I 

0.33 (G) 

0.50 (1) 

5.30 (1) 

0.70 (1) 

0.20 (1) 

0.47 (S) 
0.20 (l) 
2.21 (7) 
3.10 (1) 
1.10(1) 

4.90 (1) 
>7.30 (C) 
-0.10 (1) 
-0.50 (1) 

1.90 (1) 

0.C2 (■,) 
0.40(1) - 

0.30 (1) 
l.SS (5) 

0.70 (1) 


Table 3. The survival proportions of the untreated 
control group and the vitamin J> 3 control, 17/20 and 
53/00, arc almost identical. Ciearly there is no evidence 
that treatment with vitamin D 3 itself caused, an in¬ 
crease in mortality. The survival proportions for each 
treatment group were compared with that for vita- 
nun P 3 control using the two-sided t test. There 
was evidence (significant at the 1% and 5% K-e! 
respectively) that MHDP and MD1\ both at 10 nm 
P/kg s.c., caused an increase in mortality. A survival 
proportion of G/10 differs from one of 53/00 at the 


is therefore a suggest ion 


P/kg s.c., may 


9% significance le\^* ,, licrc 
that EADP and Ev .TP, at 10 m 
also cause an increase in mortality. 

iho only effect of the phosphonates on the body 
weight was that the animals who received 10 urn s.c. 
of MDP, E.\DP, H1IDP, Condensate 1, E-l-HTP and 
1 lei r.cighcd less at the end of the experiment than 
the animals given Vitamin I) alone. The s.c. adminis¬ 
tration of 1 mg P/kg and the oral administration had 
no effect. 


Aorlct Calcium. All the phosphonates except PMP 
had some effect in reducing aortic calcium when Mven 
at 10 mg P/kg s.c. (Table 3). All compounds except 
PMP, E-l-HTP and Condensate I were also effective 
at 1 mg P/kg s.c. Fewer compounds were effective by 
the oral route; MEP, CEMDP, EHDP, E-l-HTP and 
Condensate I were effective at 10 ingP/k*p os whereas 
only MDP and perhaps'PTeP were effective' at 1 nm 
P/kg^p.os. 

Kidney Calcium. Seven of the ten phosphonates 
tested caused significant reductions in kidney calcium 
(Table 4). All of the significant differences Listed in 
Table 4 can reasonably be interpreted as indicating 
real treatment effects, but there are two anomalies. 
Tlie reductions in mean calcium when both MhLDP 
and E A DP were given at 10 mg P/kg s.c. were not 
significant whereas the reductions with 1 mg P/kg s.c. 
were in both cases highly significant. With M1TDP at 
10 mg r/kg given p.os there was also a highlv skmifi- 
cant reduction. As. only 2 and 3 detenfunations 
respectively are available in the 10 mg P/kg s.c. treat¬ 
ment groups the evidence on balance favours tire 
conclusion that these two treatments are both active. 

In conclusion, there was evidence that the follow¬ 
ing compounds caused some inhibition of kidney 
calcification: MDP, Mil DP, CljMDP, EADP Elf DP 
PTeP and Condensate I. ’ 




Compound 1 mg P/kg s.c. 


Sur¬ 

vival 


1 mg P/kg p. os 


Sur¬ 

vival 


10 cig P/kg s.c. 


Sur¬ 

vival 


10 mg P/kg p. os 


Sur¬ 

vival 


PMP 
E-1.-2-DP 
MDP 
MHDP 
CLMDP 
EADP 
EHDP 
E-l-HTP 
Fi'eP 
Conden¬ 
sate I 


4.44 + 0.19 (9) lo/io 

4.13±0.21!> (7) 9/10 

4.16 + 0.20 5 (S) 10/10 

3.62±0.21=^.- (7) 9/10 

3.35+0.19® (9) 9/10 

3.79 ±0.15= (9) 9/io 

3.95 + 0. IS® (10) 10/10 

4.70 + 0.20 (S) 9/10 

4.22 + 0.20 6 (S) 10/10 

4.42±0.23 (G) 6/10 


4.57 

±0.19 

(9) 

9/10 

4.39 

±0.21 

(7) 

8/10 

3.90 

±C).lS b 

(10) 

10/10 

4.5S 

±0.21 

(7) 

9/10 

4.51 

-0.1S 

(10) 

10/10 

4.42 

4-0.19 

(9) 

10/10 

4.33 

±0.23 

(G) 

7/10 

4.5S 

±0.19 

(9) 

10/10 

4.23 

±0.19*' 

(9) 

10/10 

4.S2- 

±0.19 

(9) 

10/10 


4.5u i 0.19 (9) 10/10 

3.75 + 0.19= (9) 10/10 

3.11+0.25= (4) 4/10 

3.60 + 0.56 a (l) 2/10 

3.39 ± 0.21= <7) 9/10 

3.50+0.25= (5) 6/10 

3.33 + 0.19= (9) 9/10 

4.05±0.23» (6) 6/10 

3.5S±0.2l= (7) 7/10 

3.52+0.19= (9) 9/10 


4.GG±0.20 (S) 9/10 

4.45 ± 0.20 (S) 9/10 

3.17 ± 0.19= (9) 10/10 

4.47 + 0.23 (C) 9/T0 

3.25 + 0.21=. (7) ' 10/10 

4.57 + 0.19 (9), 10/10 

3.33 ±0,23 6 (G) 10/10 

4.25 ±0.19= (9) 10/10 

4.41 + 0.1S (10) 10/10 

4.2G±0.I9 a (9) 10/10 


Vitamin I), only: 4.64 + 0.03 (51)1 

Untreated control: 3.31 +0.14 (1G) / difference significant at 1% level. Survival ( 5 'T C 9 

J£SSas3S=SiS|s[|ss||H' 



remaining in solution, a if- ■‘^^■fcarod wit h those present 
at ilu5 beginning of th ^P>ation, thus making it 
. possible to dc Lti inine the minimum [Ca] X [V] product 
■required toiuducc precipitation. 

Prevention of Calcific*.:!tor, of Aortas and Kidneys in 
Putts. Calcification of aortas and kidne ys was induced in 
female Wistar rats, weighing 150—200 g, by giving 
them 75.000 IU (1.S75 mg) vitamin D s /kg body \vt. 
per day by mouth for five clays. The experimental 
procedure was similar to that described previously 
[5], The phor-phonatc compounds were adjusted to 
pTI 7,4- and were given daily at doses of 1 or 10 mg 
P/kg body wt., subcutaneously (s.c.) or orally (p,os), 
from two days before starting vitamin D a tip to 
eight days after the end of administration of vita¬ 
min D 3J when the animals were killed. The concen¬ 
trations of the compounds were such that the daily 
dose was given subcutaneously or orally in 0.2 ml/] 00 g 
body vvfc. Each treatment group contained 10 animals. 
There were two control groups: one consisted of 
60 animals that received vitamin !>., but instead of 
phosphonalcs received daily subcutaneous injections 
of 0.2 ml/100 g body wt. of 0.0 ?o (w/v)NaCl, the ot-lier 
consisted of 20 animals that received no treatment 
whatsoever. All treat me nls were a!!o:ated to individual 
animals at random and each cage contained five 
animals. All animals were fed a standard diet (No. 191 
from Nafag, Gossau, Switzerland). 

In order to see whether or not the phosphonalcs 
bad an}' effect on the hypercalcacmia induct'd by 
vitamin D a , venous blood was collected from the orbit 
'of each animal 2-1 hours after the last dose of the 
vitamin, when the hypercalcaemia due to the vitamin 
should bo at its peak [*]. After sacrifice the aortas 
and kidneys were removed and their weights were 
determined after drying to constant weight at 105 °C. 
The organs were then ashed in a muffle oven at 000“ °C 
for eight hours. The residues were dissolved in 
0.5 N-HC1 and the calcium determined. The calcium 
of the aortas and plasma was determined by photo¬ 
metric titration with EDTA using calcichromo as an 
indicator [17] and the calcium of the kidneys by 
atomic absorption spectroscopy (Feiiun Elmer Model 
290 B). 

Statistical Analyses. The differences between the 
vitamin D a group and each treatment group (Tables 3, 
4 and 5) were examined statistically for evidence of 
treatment effects, i.e. a difference in mean calcium 
content compared with vitamin D 3 control. In the 
case of aorta and kidney' calcium the values in each 
treatment group followed a sice wed distribution so the 
logarithms of the calcium values were used for sta¬ 
tistical analysis. It was assumed throughout thit the 
variation between animals receiving the same Meat¬ 
men t was not dependent on the treatment. Thv n \nd- 
ard errors of treatment means were calculated :: un a 
pooled estimate of the variance, and the significance of 
differences in mean compared with vitamin D 3 control 
determined by' two-sided l tests. 


Since lb" j^nry interest lies ia detecting com¬ 
pounds wkn Spiel calcification, i.e. in compounds 
that cause a reduction in mean ca lei uni compared 
with vitamin D 3 control, a one-tailed test would be 
more appropriate. However, the possibility' that ca 
compound may cause an increase in mean calcium 
should id so bo investigated and for this reason the 
results of two-tailed tests have been given. In fact 
there were only two significant increases in menu 
calcium, with PMP and E-1:2-DP both on plasma. 
Neither of these, when studied with the other plasma 
calcium results for these compounds, is regarded as 
sufficient evidence for a real treatment effect. 

Significant* reductions in mean calcium were not 
automatically interpreted as indicative of treatment 
activity. The choice of the 5% significance level, 
although customary, is nevertheless arbitrary'. Also as 
120 t tests were pci formed some reductions arc ex¬ 
pected to achieve significance by chance alone. An 
additional criterion was therefore used in forming 
conclusions about treatment activities. It was ex¬ 
pected that, if a compound was active in inhibiting 
calcification, 10 mg/kg doses should be more active 
than 1 mg/kg doses and that applications given s.c. 
should be more active than applications given p.os.We 
felt justified in interpreting significant reductions as 
evidence for treatment activity' if these constraints 
were satisfied. This applies also to differences signifi¬ 
cant at the 10% level only provided they were rein¬ 
forced by significant differences in other applications 
of the same compound. The fact that'these constraints 
were satisfied in all but three cases (PTeP on aorta 
calcium, MIIDP and EADP on kidney calcium) gives 
reassuring support to the validity of the whole ex¬ 
periment. 

Results 

Effect of Phosphonalcs on the Precipitation of 
Cede turn Phosphate in vitro. Table 2 shows the effect of 
the phosphonates on"the minimum product, [Ca]x [P], 
required to form crystals in vitro. Elf OP appeared to 
be the most effective inhibitor of precipitation and 
exerted a strong effect at 10 * 7 M. Eli DP, EADP, 
MHDP, MDP, Condensate I and CLMDP were all good 
inliibitors at 10' 6 M. The remaining compounds, 
E-l-HTP, E-l :2-DP, PMP and Fi’eP had only minimal 
effects. At concentrations greater than 10" 4 M the 
calcium salts of some of the phosphonates precipitated 
from solution. 

Effect of the Phosphonates on Vitamin D r i?iduced 
Calcification of Aortas and Kidneys and on Plasma 
Calcium. Tables 3,4 and 5 summarize the effect of the 
various phosphonates on the calcium content of 
aortas, kidneys and plasma of rats treated with 
vitamin D 3 . Vitamin D 3 significantly increased the 
calcium content of aortas, kidneys and plasma, of 
animals treated with vitamin D 3 alone compared with 
untreated control animals. The numbers of animals 
surviving the duration of the experiment are shown in 


Tably h. The inflMcncc of i an\ 
per hy body iccijht daily [• 


ales on the amount of calcium in the hid 
hy.y. Kidney calcium «>■ vicuti hj lt , (my 
dele, r min a l io; /,? in pre r. *h c .> 


p/ ruta that nccincd 75,000 LU 
ivciyhl) : [ : SK of mean. 


vitamin 

Number 


4 


Compound 


1 Vj\:£ s.c. 


1 mg l’/I‘o J>- o.j 


10 mg P/kg s.c. 


10 mg P/kg j). os 


1\MP 

E-1:2-J)P 
MDP 
Mill )P 
CIjMDP 
EADP 
Kil DP 
E-1-1 (TP 
Fi'oP 

Condensate I 


3.S1 :h 0.1:< (5) 
3.'/1 £0.19 (?.) 
3.1G£0.17>- (0) 
3.11 £0.10’' (7) 
3.1S-;-e.l7i\(C) 
3.23 -r 0.17" (0) 
3.36 -• 0.1.V' (S)' 
3.C9-; o.n; ( 7 ) 
3.70-1-0.21 (3) 
3.54 £0.17 (G) 


Vitamin I), only: 3.S3 £ 0.07 (37) 1 ,. fr 
Untreated control: 2.73 £0.11 (15) / dl “ c ‘- 
* Denotes trial clitfcrencc in ine-nii comparr-d 
b Denotes that difference in mean compared 


4.03 i 0.14 (9) 
3.S3£0.17 (G) 
3.71 -1 0.1 C (7) 
3.00-1-0.1G (7) 
3.41 4-O.lfP (7) 
3.99-L0.15 (S) 
3.77-L0.17 (0) 
3.9C -I-0.L3 (10) 
3.S9 -j-O.lG (7) 
3.95 £0.15 (8) 


3.S3 £0.10 (7) 
3.93£0.17 (G) 
3.28£0.l9 b (5) 
3.GG £0.31 (2) 
2.97 £0.14'* (9) 
3.S5£ 0.2-1 (3) 
3.12 £ 0.17b ( C ) 
3.77 £0.17 (0) 
3.14 £0.19 a (5) 
3.24£0.19 ,j (5) 


3.9-1 £0.15 (S) 

3.S2£0.10 (7) 

3.23£0.19,b (5) 
2.30 £0.17, b (G) 
2.99 £ 0.13 » (10) 
3.G1 £ 0.13 (10) 
3.02 £0.17 b (G) 
3.55£0.17 . (6) 
4.01 £0.19 (5) 

3.S0£0.17 (G) 


•nee significant at- 1% level. 

with vitamin I£ Control is significant at 5% level, 
with vitamin D a Control is significant at 1% level. 


(Fable o. Influence of various jihosphoiuitcs on the vlasi.’ia cafe of rots th f, l rcrrirr/l n 10 tit . • r-. * , . 

’ t _ lOJvil^SL of menu. Aumbzr of determinations in parentheses 


Compound 


1 mg P/kg s.c. 


1 ], I‘ : Z !>• o.s 10 mg P/kg s.c. 10 mg P/kg 


PMP 

E-1:2-DI> 

mdp 

MUDP . 

CI.MDr 

EADP 

KHDP 

E-l-HTF 

PTeP 

Condensate I 


15.90 
11.51 
15.02 
14.3G 
14.03 
14.10 
14.80 
x !.7G 
15.24 
13.57 


i- 0.51° (9) 
£0.01 (7) 
£0.51 (9) 
£0.51 (10) 
£-0.06 (G) 
£ 0.C5 (G) 
£0.51 (10) 
4-O.Cl (7) 
£0.01 (7) 
£0.80 (4) 


13.51 £0.57 (8) 
14.55 -f-0.GO (G) 
14.41 £0.54 (9) 
14.73 £0.01 (7) 
15.03 £0.51 (10) 
14.03 -L- 0.72 (5) 
14.SO£O.GO (G) 
1-1.5G£0.51 (10) 
14.83 £0.GG (C) 
14.79 £0.54 (9) 


14.29 £0.57 (S) 
15.G1 £0.57 a (S) 
11 .S2 £ 0.57b (S) 
14,00 £0.93 (3) 
12.93 £ 0.0Gb (0) 
12.70£0.GLb (7) 
13.07£0.Gl a (7) 
14.G2 £0.57 (S) 
15.35 £0.CG (G) 
14.C9£0.57 (S) 


Vitamin Dj only: 1-1.3G 
Untreated Control: 10.S4-_--0.39 (17) 

* Denotes that difference 
b Denotes that difference 

* Denotes that difference 


■" ^ j difference signifies 


, at 1% level. 


p. OS. 


14.79 £0.51 (9) 
14.GG£0.54 (9) 
14.04 £0.54 (9) 
0.GI (7) 


15.194 
12.91 £ 
14.G3 £ 
14.10 4 
13.934 
15.50£ 
14.781 


0.5-lb (9) 

(9) 
(9) 
( 0 ) 

(4) 

(5) 


0.54 

0.54 

0.GG 

0.S0 

0.72 


in mean compared with vitamin D a Control is significant at 10% level, 
in mean.compared with vitamin D a Control is significant at 5% level, 
m mean compared with vitamin Decontrol is significant at 1% level. 


Plasma Calcium. Only .3 . of. the phosphorates, 
M-OI, Cl a MDP and UADI’, showed evidence of being 
able to reduce the hypercalcuemia induced by vita¬ 
min O 3 (1 able 5). these 3 compounds were effective 
when they were given at 10 tug P/kg s.c. CLMDl 1 was 
also effective a.t this dose when given p.os. 

Discussion 

these experiments show that various phosphonate 3 
act in a similar manner to pyrophosphate and con¬ 
densed phosphates on the inhibition of crystallization 
of hydroxyapatite in vitro and on the prevention of 
aortic calcification in rats given large doses of vita¬ 
min Dj. Some of these phosphonates have additional 
properties not shared with the condensed phosphates; 
these include the ability to prevent aortic calcification 
TbUtm-giy en orally as well as su bcutaneously and the 
ability t cTprevem, kidney calcif ication, Furthermore, 
m opposition to~condensed phosphates- [S], large doses 
of EH DP (greater than 2.5 mg P/kg) have been found 


to inhibit mineralisation of rat and dog hones and to 
produce a racnitic and osteomalacic tvpo appearance 
on X-ray and by histology. No such, lesious were 
observed with similar and higher doses of CUM Dp-. 
The. inhibition of bone mineralisation ceased and 
calcification resumed witliiri four weeks after stopping 
injections of EHDP 1 . The fact that, unlike the po!v° 
phosphates, the phosphonates are effective oraLly 
and are able to inhibit kidney calcification may bo 
attributable to their marked resistance to spontaneous 
and enzymic hydrolysis. However, as would be expect¬ 
ed, most of the. active compounds were loss effective 
by mouth than subcutaneously, suggesting that their 
absorption from the intestinal tract may not be 
complete. This is consistent with other studies in rats 
which have shown that, in the case of “C-labelled 
UUldP, only about 3 ,-o of an oral load is absorbed?. 


1 rvma. 


_ r.. *» • K.: Fersonal communication, 

2 rleisch, FT., Russell, R. G. G., Jtuhlbauer, R. C.: Un- 

published observations. 

3 Francis, M. D., personal comcrumicatioa. 
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• Wher. the effect of an)" aprl'I^Pr compound on 
aortic ami - kidney calcification a, die various doses 
v,*as considered, there was a fair correlation between 
the ability of any compound to inhibit cry.dal growth 
in vitro and its overall ability to inhibit cakdfioation 
in vivo. This strengthens the view that the biological 
activity of these compounds could be a consequence 
of their observed action on crystal growth [14, 10]. 
In general, the compounds that have, so far, proved 
most active have contained the P-C-P bond. Since 
compounds that contain the P-C-P bond arc related 
in structure to those that contain, the P-O-P bond, the 
dipliosphonatcs, pyrophosphate and polyphosphates 
may all act on crystal growth by similar mechanisms. 
In this study the three most effective inhibitors of 
calcificat ion appeared to be MDP, C1 2 M OP and Eli DP. 
The compounds PS IP, which contains a single C-P 
bond, and K-1:2-DP, which contains a P-C-C-P bond, 
were less effective or inactive. It is not known whether 
any of the compounds arc met a boIi7.ee! in vivo and to 
what extent this might alter their activity. 

It is of interest that some of the clinhosphonntes 
(CI 2 MDP, MDP and EADP) can partially prevent the 
hypcrcalcaemia induced by vitamin Dj. This rise in 
plasma calcium after treatment with vitamin D 3 is 
probably the result of two processes, firstly an increase 
in intestinal absorption of calcium and secondly an 
increased resorption of bone. The ability of Cl^MDP, 
MDP and KA.DP to reduce plasma calcium could be 
due to an interference with eh her of thes e processes. 
Alt crnativcly it might be due to precipitation of 
circulating calcium as the insoluble calcium phos- 
plionatc. Since there is good evidence that these doses 
of phosplionates can inhibit bone resorption in living 
rats [15, IS, 19] it is probable that the effect on 
plasma calcium is at least partly attributable to in¬ 
hibition of bone resorption. 

It is clear, however, that any reduction in plasma 
calcium concentration cannot be the sole explanation 
of the ability of the phosplionates to reduce aortic 
and kidney calcification, since several compounds had 
no effect on plasma calcium, but were, nonetheless, 
good inhibitors of calcification. This is also true of the 
condensed phosphates which can inhibit calcification 
without changing plasma calcium [5]. One of the 
most effective inhibitors of calcification, namely 
EIIDP, did not produce a hypocalcaetma but on the 
contrary a hypeccalcaemia when tested, shortly after 
its administration. The phosplionates do riot seem to 
act either by an intestinal or kidney effect, since no 
diminished intestinal absorption or increased kidney 
excretion was seen in rats under balance studies [20]. 
It is possible, however, that the inhibitory effects of 
phosp! ionate 3 on calcification may be due to other 
causes than crystal growth inhibition, for example, 
an inhibition of pyrophosphatases or inhibition of 
conversion of vitamin D 3 to its biologically more active 
25-hydroxy metabolite. Our preliminary studies of the 
interaction of phosphorates with pvTopliosphitascs 
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indicate that the p ^^honates are relatively poor 
inhibitors of pyrophosphatases and act principally by 
the chelation of metal ions necessary for enzyme 
activity. The significance of possible inhibitory effects 
on pyrophosphatases in vivo cannot yet be assessed. 
The effects of these phospho nates on other metabolic 
.processes in which pyrophosphate is involved arc also 
not known. 

The experiments carried out so far indicate that 
the diphosphonates might be used therapeutically in 
man against.diseases that involve the abnormal depo¬ 
sition of calcium in soft tissues as previously suggested 
by Francis [14]. Preliminary experience in myositis 
ossificans in humans suggests that EHDP prevents 
the progress of the disease without disturbing the 
formation and mineralisation of normal bone [21 ]. 

AcK'noidcd'jcmcnts. This work has been supported by the 
Procter and Gamble Company, Cincinnati, U.S.A. 
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DinitOSPIlOXATES IN TUG TRGATMGvr 

Sl . . ovMxosms ossmcAss ™* 

childhood, J cluMctcriKd" 5 by° g proc' a '• “ " rc discasc <»f 

and u . fiua f*y 

known and there is no rcmnn' a * The cause i$ uh* 

var,ou * experimental studiL'-t'Lhar?' 0 '' i° n !hc bas ‘* 
ethane -1 •hydroxy*!, 1-dirhosnh-ir,. , 0Uln G ,bat disodium 
deposition of calcium phosplu* prcvcnts the 

investigation wa* begun to dete^« *I° i l nd ‘ nv,tro » a n 
Pound ravourably affects ,he n« , whethcr this «>m- 

Vc have so L n-eated h, 2 "”. ° f myosit “ ossificans. 
Two were in m aS tl pat,cn “ *M» this agent. 

" stabilised ” stage. Of thc^ M ' VC 4,asc * and onc in a 
lfl> months old, had shown nm" onc P a ' ic nt was 
months, and had considerable ? fC - SIV * sym P {orts for 4 
respiratory function. The second IL"' 0 ? ° f motor and 
suffered intermittent orolnll, ? ycars "‘d, had 
nionih for 2 years ani* S i!^*? lVC attacK * every second* 
'imitation of m 0 "mem t ^ dcformi “« a "d 

patients with e.h.o.p. at a ? a K trca ‘ mcnt of these two 
»outh, most of the newly formed ° f r 10 mS ‘ PCr kg - by 
jessed within a few days without 1 * oft *.‘! 5suc swelling 
«fon on subsequent X-rays ThS h u " ,dcncc ofcalci ‘‘- 
obsen-cd in the normal evolutS „r 3 u°, Ur has not been 
“me time the ranee of in.nr „ Ut on 0 ^ SUch 'esions. At tlic 

ilowed or even halted forlorn “ sc . has apparently been 

12 mor,, h* in the scco’nd US'? ^ ««.«<! for 
tsons when treatment was stopped In #CUtc cxaccr ba- 
been some regression^'Jn- hC paticnt thcr « 
ossification. n fc S*ons of pre-existing 

The third patient um* ia 

Progressive symptoms from hV^rK^’r ^ b ° V who had had 
«f«cr which time the d~Tsc had'n ‘ hC 38C ° f 10 yaa «. 

I mo„, h of treatment pZlc ed SJT™* no funh “- 
N fic,a ' effect on the cxien«t«. u demonstrable bene- 
•dverse effects were cncounterL} 1 L “ ab,llscci 'esions. ,\ 0 
ej lf >p -.in any of the patients dunn S administration of 
T7 l e beneficial effects of e u n „ 
ffressive eases of myositis ossified thc tw ° acutc P«>- 
ciearjy established. Further triage,?f° srCMlva have been 
- view of these encou^ging rTsiL 86 "' Wi " «“*«*• 

Cetwnbi. l>rc,b )Ien ,n Medie.l Chimt 
b«w York, N.Y., U.S.A. * 


r.;rr;:;:.x rL.SraL 

eoiisider tiiiji i'„ rin „r J... . * y ‘lelvcnvc pr«-, : ,ia, lty wou ,V 

Surely, however, u-c .sliol!/^ 3 ;> ‘' , 1 '"'"n.v 

unborn-baby v c : rnr ■<* ton-uicr the jx>sition of rlir 

tr&sss WSttS - ; 

stress placed on their parents Whcn' l' dc * pi,c ,,,c mcnfa ' 
tJ 'C possibility of a defective bahv -i" 1ar . cn,s arc facc d with ■ 
stron G'y encouraged to prevent n '° U d lhcy not ci,her be 
parc d ‘o accept a defect child c'k be prc-.. • 

jn-iy seem rather futile, particularlv 17 * 111 ^^' *^ ,s ar f;umcnc. 
fcctiy normal unborn bibics arc hr.'” B [ H!lin ' w) >cn per-.: 
bcMusc their parents do notwanctl,!£ nC d “' r ° yCd simp S 

h - 

human life. A vivid ^ illv rJon rT 5 ‘ hc rcspcct for ' 
recently , n tl le JJritui, Mcdicll iT f/'V* W4S described ■ 
normal baby which had been £ “cd In ' h ' S Situation a ' ' 

there were serious question^S \ UrV,v<:d briefly; and \ 
had a right to live. Th u “ w c L a 0r not ,hi * baby • 

“tal to postnatal cuthanasTa “* btle » Wft f~m ante, V 

jissKfjaa; ■ 

A uu-w's-V 


s-t, ^‘ KKlKG AT Aicn 'CAL MCIiTI.N'GS 

- e.xc:;;c; t “ Dr ‘ Meadow (Sept. 20 , p . 63 1) 

mendations alonj‘5,^ LTs' VluV « ««">* 
however cn;incnt but ” S * 0 ail ^ ros Pccttvc speakers * 

E r 

-d. Tms summer, one m.m __„ , ,s d '»- 


Orpanment, ot P«di.lric«. 

?, o h B *r* e ?' 0 "- 

* Jinophyuo/o^y, 
SwitzerJjftd. 
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I-BENATAL OlAOXosiS AND SELECTIVE 

SI, _o axoution i 

STeXT’ -'“fc 

main object of these studies^? Z X Wkctt> however, the 
abortions, onc can certainly o u ™'° c nwurage therapeutic 

vcw of , he unbofn hjKy '/ question this from thc point of 
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regarded. Tibs’7unimLr Um ° Cr 0f ,incs on a’ slide is dis'-' 
Ai/nor to New Vorfc to showTw^tv f travc, J cd Asia 
figures on a brown background ^' C ° Jumn * ofb,a ^ 

ofTS£ ^ *hc' 

not be too difficuk for tlT^V , hm - This should 
homogeneous. AtVr«emTvS ° f SUdicnw a " ^ 
research-worker from the U /? p0SI V m f on a new drug, a 
a "d it was only in thV “tnS'n - ^ r° f firtccn minutes, 
tha ‘ be had becL taikinc abour ^ 1 a ?P r «i a *ed >' 

5y lL^ ms ,n mammals anTbactcWa.' d ‘ ffCrCnCCI in “^mc.;: 
abroivcd^rom^raponV-b^ro^ 1 “2"°' bc completely' 

that three ten-minute papers hS, 0 "^" * nd *° bc ' ic ^ ■ 
mtnutes. Recently arlM«- ? ” * rC bcttcr 'ban one of thirty ' 

EK'X'SSSS** *••«»« • 

Papers with a multitude of „m i " S0CIC , ty ' thrcc quick - , 
to an audience with phys,cians nrcd n m ‘ V ° UmC dia S fam » - 
legitimate protest from thc floor—and !e? tlns ,cd t0 a v «ry... . 
WPS undertaken by an American visitor MCnv,able ta * k -i f 

protect thc customer.' I^p'mnajs 0 ^ ni ° rC S(cps t0 

con.sideraliic extent by the cd,W \v/m , ,lrC , i,r ° tCC ‘“ r “> a ■ ' 
Sivcs us some guidance. ij ul a |\ m ‘ I- lhtf rcv,c wcr - 
completely at thc mercy of thc sLeTker^i'""'"’ 2 WC arc '- ’ 
very well ask to see a com-iletc nanrr k!r A . S0Clcty cannot;;-, 
may be satisfactory in vhr.t ri - ■, bc ^ orc h a "d, and what: • 
wo, „ raa b ; ^ 3^1 ; 

societies snouid appoint one cannw . ^ d suggest that 

0* the audience to prepare a critics? r" d m;cI j‘ scnt member ■ 
'ton which should then be sen- LM, °‘ thc ' 
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The Inhibition of Calcium Hydroxyapatite Crystal Growth 
by Polyphosphonates and Polyphosphates 

Marion D. Francis 
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The formation of crystalline calcium hydroxyapatite from solutions of calcium phos- 
phate ions and the inhibition of calcium hydroxyapatite crystal grow th bj poK ph °'P ‘ 

Ld polyphosphates have been studied. The polyphosphonates, disod mm e th^u-_l-h>dr ix y - 
I idtohMDhonate and disodium dichloromethune diphosphonate, arc effective m nlutors of 

Key u-orda: Calcification - Physiologic - Phosphonic Acids - Phosphates - Crystall.za- 
tion — Electron Microscopy. 

On a Mudie la formation de l’hvdroxyapatite de calcium cristallin a partir dc solutions 
disodium, sont inlubiteurs efficaces eontre la crmssance dc crisiauN dc I h>Ui xjai. 

it dentaires concernant le mctabolisn)e. pathologique dc calcium ct de phosphate. 

Die Bildung des kristallinen Calciumhydroxyapatit a,us LOsungen wclche 9*[T.!X 

For reprints: Dr. Marion D. Francis, Miami Valley Uburamri.--. The Procter* Gamble 
Company. P.O. Box 39175, Cincinnati. Ohio 45239. 
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152 M. D. Francis: 

Dinatriumathan-l-hydroxyl-ljl-cliphosphonat und Dinatriumdichloromethandiphosphonate 
vcrhindern das Kristallwachstum des Calciumhydroxyapatits. Die Polyphosphate verhindcrn 
ebcnfalls das Kristallwachstum dcs Calciumhydroxyapatits, solange die notwenrligc Kon- 
zentration dcs nicht hydrolysierten Polyphosphats vorhanden ist. Wegen ihrer hydrolytischcn 
Unbestiindigkcit, die durch hohe Tempcratur, nicdrigc pH und bcstimnite Enzyme erhoht 
wird, vermindert sich jedoch die Konzentration dcs Polyphosphats allmahlich in vitro , und 
ihre Hemmungsaktivitat geht vcrloren. hn Gegcnsatz zu den Polyphosphaten sind die Poly- 
phosphonate hydrolytiseh bestandig. Die Polyphosphonate werden an der Obcrflache der 
Mikrokristallite des Calciumhydroxyapatits chemisorbicrt und vcrhindern, wic andere be- 
kannte Kristallwachstumsgifte, auf diese Weise wcitercs Kristallwachstum. Die Bcstiindigkcit 
der Polyphosphonate und ihre Chemisorption an dem Apatit empfelden ilucn Gcbrauch in 
der arztlichen und zahnarztlichen Praxis, soweit sie den pathologischcn Calcium- und Phos- 
phatstoffwechsel betreffen. 


, Introduction 

The formation of calcium phosphate solids is of fundamental importance to* 
man because calcium phosphate in the form of calcium hydroxyapatite (HA) is 
the main constituent of the skeletal system. Furthermore, the deposition of cal¬ 
cium phosphate, again primarily as HA, in regions of the body which should not 
ca lcify, is.encountered in many pathological conditions such as dental calculus, 
bursitis, arthritis, and many other forms of ectopic calcification (Selye, 1962). 
Numerous workers (Brown, 1966; MacGregor and Brown, 1965; Eanes etal. f 
1965; Glimcher, 1965; and Walton et al., 1967) have investigated the mechanism 
of formation of HA or bone mineral under solution conditions, but there is no 
complete agreement on the route by which calcium and orthophosphate ulti¬ 
mately become the crystalline material called hydroxyapatite—.There is general 
agreement, however, on the fact that when calcium and orthophosphate are 
mixed together at high pH the solid formed is initially amorphous, as defined by 
a lack of ability to obtain diffraction patterns by the physical methods ofK-ray 
and electron diffraction. The latter technique suggests the lack of organized 
atomic layers of greater than about 2 to 3 unit cells (Bienenstock and Posner, 
1968). The role of pyrophosphate, tripolyphosphate, and long chain phosphates 
in inhibiting the formation of IIA in vitro and in vivo has been clearly shown by 
Fleisch and co-workcrs (Fleiscii and Neuman, 1961; Fletscii etal., 1965; 
Irving et al, 1966; Sciiibler and Fleisch, 1966; and others, Xewesely, 1967; 
Tuchweber and Cabbiani, 1967). The purpose of this paper is to show that poly¬ 
phosphates and polyphosphonates inhibit specifically the crystal growth of HA 
and to show that the effects of these two materials on IIA crystal growth differ 
by virtue of differences in their hydrolytic stability. This fundamental difference 
between the polyphosphates which hydrolyze and lose their ability to inhibit 
crystal growth of HA and polyphosphonates which do not, suggests the medical 
and dental application of the polyphosphonates to the treatment of pathological 
calcium and phosphate metabolism. 


Slethods 

A stock solution of calcium chloride was made from CaCl 3 ■ *2 H 2 0; the orthophosphate 
solution was made from XaH 2 P0 4 - ILO. Equal volumes of the solutions were mixed together 
nnihntinn nnrlpr nit-m^pn and were kcDfc at constant t)K. 7.4 or 12.0 by means of a Radio- 
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don Co., Westlake, Ohio) until time for recovery of the precipitate. The solutions containing 
precipitated calcium phosphate were filtered through 0.-15 p Milliporc filters and he prc C ,p^ 
-totes were air dried and analyzed or were embedded in methylmethacrylate sect onecl. and 
examined bv electron microscopy and electron diffraction in a Siemens Elnuskop I (piemens 
und Halske, Aktiengcscllschaft. Wcrncrwerk fur MeBteclmik, Karlsruhe, Germany; Siemens 
-American, New York City). When materials were added to inhibit, the crystal growth of 
hydroxylapatite, they were usually added to the phosphate solution, then the calcium sola- 
. tton was added to produce instantaneous precipitation, except where indicated otherwise. 
Concentrations of solutions and reaction conditions arc listed in the legends o e ignr 
Calcium analysis was performed with a Perkin-Elmcr, Model 303 atomic absorption spcctro- 
meter (Perkin-Elmcr, Norwalk, Conn.). Phosphate was determined by various combmatiops 
Of three methods depending upon whether only orthophosphate (Map.tix and Dot\, 1945}), 
combined ortho- and polyphosphate (Lucf.sa-Cosde and Peat, 19o7), or total ? WjT 
(ortho- phis phosphonate) was desired. In the latter ease, the samples -ere mixed with KHSO, 
and fused until the melt solidified; (lie latter was then taken into so.ution with acid, as usua , 
and analyzed for combined ortho- and polyphosphate (Lucexa-Coxde and Prat, 19o7). 

* The inhibitors of crystal growth used were tetrasodium pyrophosphate dccahydrato, 
pentasodium tripolvphosphate, disodium ethanc-l-hydioxy-l,l-diphosphonato EDHP), and 
'disodium dichloromethancdiphosphonate (ChMDP). EHDIM.»C was synthesized from 
acetate-1-"C by the method of Qcimby and Pkextice (19GC) and was used in adsorption 

studies. 


Results 

When calcium and orthophosphate solutions are mixed together and held at 
constant pH of 7.4- for 45 minutes at 25°C, the precipitate formed is crystalline 
HA as shown by the electron diffraction pattern (Fig. 1 a). The crystals formed are 
needle-like as shown in the electron micrograph (Fig. lb). Some of the gel-like 
spheres originally reported by Weber el al. (lf)G7) are still seen, however (Fig. 1 b). 
If the same experiment is repeated but sodium pyrophosphate or sodium tnpoly- 
phosphate is added to the orthophosphate solution prior to addition of the calcium 
chloride, no crystallites are formed and the entire mass of solid precipitate is 
amorphous by electron diffraction (Fig. 2a). This precipitate has the appearance 
of abrogated clusters of small spheres (Fig. 2 b) similar to the initial amorphous 
form°(WEBER el al., 1967). In another experiment the control calcium and 
phosphate solutions at pH 7.4 were mixed and filtration was begun immediately. 
The electron diffraction pattern (Fig. 3a) obtained from the precipitate was a 
good crystal pattern of hydroxyapatite and the crystallite particles were readily 
visible by electron microscopy (Fig. 3 b). Cry.-tals in this control system were not 
as lar»e as the crystals shown in Fig. 1 b b-.-ause the precipitate was filtered im¬ 
mediately rather than after 45 minute.-, of incubation. If EHDP is added to a 
similar system (in the phosphate solution), crystal growth of HA is prevented, the 
precipitate formed is amorphous by elect mu diffraction techniques (Fig. 3 c), 
and the precipitate lias an agglomerated go'..like appearance (Fig. 3d). 

The important difference between the polyphosphonates and the polyphos¬ 
phates with regard to their interference with the crystal growth of HA lies in the 
hydrolytic stability of the polyphosphonates and the hydrolytic instability of the 
polyphosphates. This difference is illustrated by the data shown in Fig. 4 (a, b, c, 
d, e, f). In this series of experiments the calcium phosphate precipitates were 
formed at pH'7.4 in the presence of either pyrophosphate, tripolyphosphate, 








tig la and b. The appem-ame nf freshly precipitated calcium orthophosphate, a. Electron 
raction pattena of hydn>.\ : , .i|v rate. The precipitate was formed by reaction of 1 x i0~ 2 M 
CaCl 3 , 1 X 10 - H ^al-LPO^ pH - 7.4, 45 minutes at 25°C. b. Electron micrograph of pro- 
cipitate from (a) showing 1 1.Vmg ncedledike crystals of hydroxyapatite (x 190,000) 


48 hours to facilitate hydi «*!\-ds. In the control, no inhibitor, a good but spotty 
pattern for IIA was obtained by electron diffraction (Fig. 4a). The large rectan¬ 
gular crystals responsible for this pattern are seen in the micrograph, Fig. 4b. 
Fig. 4c shows the diffraction pattern obtained from the precipitate formed in 
the presence of pyrophosphate; as in the control, a good but spotty pattern for 
HA was obtained indicative of the presence of large crystals as shown in the micro¬ 
graph, Fig. 4d. Thus, it is obvious that while pyrophosphate is an excellent in¬ 
hibitor of IIA crystal growth, under the conditions of this experiment it is de¬ 
stroyed by hydrolysis and IIA crystals are then free to form without interference 

Whan f rinnlt*nKAi?Mli .1 Ha u.na j.1__. . _ 
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Fig. 2a and b. The appearance of freshly precipitated calcium orthophosphate inhibited by 
- tripolyphosphatc ion. a. Amorphous electron diffraction pattern. The precipitate was formed 
by reaction of 1 x 10-= M CaCI 2 , 1 x 10-= M XaH 2 P0 4 , 1 x lO" 3 M X ai P 3 O la , pH 7.4, 
45 minutes at 25 C. b. Electron micrograph of gcl-likc agglomerates of calcium phosphate 

(X 190,000) 


those with pyrophosphate shown in Fig. 4c, cl. When calcium phosphate was 
piecipitated in the presence of EHEP, however, there was no evidence of crystal 
formation, even after 4S hours incubation at S0°. The electron diffraction pattern 
for this precipitate shows it to be amorphous (Fig. 4e) indicating no organized 
atomic (or ionic) arrangements within the resolving power of this technique. The 
electron micrograph (Fig. 4f) also shows no indication of crystallinity, thus EHDP 
was totally effective in inhibiting the crystal growth of HA. When C'1 2 MDP was 
added to the system the results were identical to those with F.HDP as shown in 
Fig. 4e, f. 

In order to investigate the nature of the inhibition of HA crystallization, two 
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m Fig. 5. Calcium phosphate, Precipitate-1, from the control (with no EHDP) and 
similar crystallographically to precipitate in Fig. 3 a, b was placed with Filtra e- 

-v^efntrate from”the calcium phosphate precipitated in the presence of EHDP). 

Laro’e crystals were obtained after 4S hour incubation (similar to those seen m 

.ri«r°4b) and a spotty HA pattern was obtained indicating that the Filtrate-2 

did not contain sufficient EHDP to affect crystal growth (less than 1 X 10- 5 M). 
In the other possible combination, Precipitate-2 (the calcium phosphate precipi¬ 
tate in the presence of EHDP) and similar to precipitate in Fig. 3c. d, was com¬ 
bined with Filtrate-1 from the control. In this case a stable colloid was formed in 
8 to 16 hours and after 4S hours crystal growth of HA was still almost completely 
inhibited. In this experiment crystallites of HA from Precipitate-2 incubated m 
Filtrate-1 did grow sufficiently to give a HA electron diffraction pattern. Electron 

-microscopy, however, failed to show any distinct crystallites (the particles were 

similar to those shown in Fig. 4f). Thus, EHDP was principally associated, 
coprecipitatcd, or occluded with Precipitate-2, not with Filtrate-2. 

-To-understand further the association-of-EHDP _with the precipitate of 

calcium phosphate, the distribution of EHDP-1-“C between precipitate and 
filtrate was investigated. The results are shown in Table 1. When calcium and 
orthophosphate concentrations, temperature, time, and pH were held constant 
i ■ the 1J C-EHDP was always predominately associated with the precipitate (8S.0 to 
j 97.6%). T'his was true even when the concentration of the EHDP was 5 X 10 8 M 

(<0.02 ppm EHDP). 


rabid Distribution of EHDP-1- U C between precipitate and filtrate (pH 7 JO, GO minutes 
reaction, [CaCl. t ] = 4.0 X 10~ 3 , [Nal^PO,] = 1.0 x 10-*) _ 


Concentration ■ 

of EHDP-1- 14 C 

(m/1) 


Precipitate 


cpm 


% of total 
— recovery 


Filtrate 


cpm 


% of total 
recovery 


1.2 X 10- 4 
3.0 X 10- s 
1.0 X 10-‘ 
5.0 X 10-‘ 


246,000 97.6 

74,500 95.1 

56,000 94.0 

4,520 88.0 


6,000 2.4 

3,800 4.9 

3,700 6.0 

600 12.0 


The effect of EHDP and CL.MDP on the rate of precipitation of calcium phos¬ 
phate is shown in Table 2. With similar conditions and times of precipitation, the 
concentration of calcium in the filtrate was about 33 and S.4 times higher and 
phosphorus about 1.7 and 2.0 times higher in systems containing the two effective 
crystal growth inhibitors, EHDP and Cl.MDP, respectively, than in the controls. 


Fig. 3a—d. Structure modifications of calcium orthophosphate precipitates, a. Electron dif¬ 
fraction pattern of hydroxyapatite. The precipitate was formed from 1 X 10-M CaU,, 
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Fig. 4e and f 
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The crossover experiment (Fig. 5) might suggest that EHDP prevents crystal 
growth of HA by physically covering the calcium orthophosphate precipitate by 
the formation of a calcium EHDP which then coprecipitates with the calcium 
orthophosphate and prevents crystal growth of the HA. From Table 1, however, 
it is evident that at EHDP concentrations far below those at which the calcium 
EHDP can precipitate (10“ 6 and 10' s M EHDP) the EIIDP-l-^C was still entirely 
associated with the calcium orthophosphate precipitate. It is suggested, therefore, 
that the mechanism of the inhibition of crystal growth is one of.strong chemisorp¬ 
tion of EHDP on the microcrystallites of HA (possibly at screw dislocation sites) 
thus preventing the rapid addition of ions into the apatite lattice as occurs in the 
absence of the inhibitor. As judged by electron diffraction, addition of ions into 
the HA lattice in'the presence of EHDP must not go beyond a few unit cells or 
the organized structures would have been detected. This limiting of the crystallite 
size probably also accounts for the colloidal suspension observed in the crossover 
experiment. The chemisorption properties of the EHDP also suggest the possible 
use of these polyphosphorates for therapy of osteoporotic problems in man and 
-animals. .... . 

The author is grateful to R. L. Stewart for the synthesis of disodium-l-hydroxy-l,l-di* 
. phosphonatc-l- 14 C and to R. J. Neal for the electron micrographs and diffraction patterns, 
and to L. Flora and R. Hicks for technical assistance. 
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of hv^xLmS? ^ Aro shown thatinorganic pyrophosphate (PI*,) inhibits the dissolution 
Of hydroxyapatite crystals tn vil. o and it has been suggested that TP. might be a physiological 

toStod^ fo7their n a hn C tT ti?n t; J n , K 1 ' 3 StUd> ' PPl and ° ther phosph “ to impound, have been 
Svarilnnrf to i^bone resorption induced by parathyroid hormone iu mouse 
“ nd t01 " h,b ; t the ri f «* P l3S .ma calcium induced by parathyroid hormone in thyropara- 
thyroidectomiacd rats on a low calcium diet. Orthophosphate, pyrophosphate, polyphosphate 
•zuTtwo polymonc phosphate inhibitors of phosphatases did not inhibit the resorption of 
hnnTtf°f^ IT A- P fT ^ contrast * 3everaI phosphonates containing P-C-fc 

u dl ^^ ( ‘ 0 A u l hydrOXyapatit0 crystala » vitr0 - “nd- at concentrations 
S?.,*, 1 ;?J^'hitcd bone resorption in tissue, culture. Some diphosphonates also 
inhibited the rise *n plasma calcium in thyroparathyroidectoraised rats. One reason for the 
difference between the effects of compounds containing P-O-P and P-CP bonds may be 
routed to the greater resistance of the latter to chemical and enzymic hydrolysis. Phosphonates 
may prov.de a model for the effect of endogenous PP, in bone, and might be of use in clucidit 

mg mechanisms of bone formation and resorption and in the therapy of diseases that involve 
. increased resorption of Done. 

B^^feytiort/s.-Pyrophosphiite-O.-thophospiiate—Phosphonates—Phosphates—Parathyroid— 

in r 341 f pfeo *f° llts ' n0U3 fj 0ns rnontre que le pyrophosphate mineral (PP.) inhibe 

“ Vitro la dissolution do eristau.-; d hydroxyapatite et nous avous suggero que le PP- pourrait 

JftePpTn,Vou Q P d^ SiqUe A d V a r t SOr l tioa 03£euse - Dan3 ce tftfsr.il. nous avons cherehe 
!! ®„ PP 4 ® quo da,,tre3 Pwduits phosphores ont une action inhibitrice sur la monition 
raunme^til, a" 1 «»rmone parathyroMiennc dans des calottes craniennes de souris et sur 

rota 8 th™Da™ihtt M C \ Um . P ! a3r;ia ^ U0 u,d,jite P ar 1’hormone parathyrotdienne chez des 
^tlqropanthyroiaMtomiMs mamtenus en regime deficient en calcium. Ni I'orthopku. 

r0phosph fpolyphosphates, ni deux phosphates polymerises, inhibitors 
d« phosphatases, a ont miube la resorption des calottes eranicimes, ni ^augmentation du 

rfd! a“TV— Par C °j trC ' certain3 phoiphonates, covenant la liaison P-C-P, ont 
^ dissolution in vitro de cristaux d’hydroxyapatite et inhibe la resorption osseuse en 
Sj"* conce " trati0n aussi fiil.le que 1.6 x 10-* molaire. Certains diphospho- 

nates ont mh ib4 egalement l augmentation da calcium plasmatique chez des rata thyro- 

b^ra!r £i£ ILaftlt “* ***** o*** 
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parathyroidectomies. La difference d’activite des prod nits con ten ant la liaison P-Q-P ou 
P-C-P peut etro attribute a. une plus grande resistance des derniers & une hydrolyse chiniiquc 
ou enzymatiqi/.e. Les phosphouates peuveut servicr do modele pour Itudier Faction du PPj 
endogenc de Fos. Ils peuvent egalcinent etro utile3 pour eclaircir le mecariismc de la formation 
et de la destruction osseuse et pourraient jouer'un rulo dans la therapio des maladies presentant 
uno resorption osseuse accrue. 


as, and H. FIcisch: 


Fruhere Untersuchungen zeigten, daB anorgariisches Pyrophosphat (PP t ) die Auflosung 
von Hyclroxyapatit-KristaHen in vitro hcmmfc; es wurde vorgcschlagen, da(3 PPj physiologlsch 
die Knocheuresorption regulieren konnte. Bei dicsem Vereuch wurden PPj und andero Phos- 
phatderivatc auf ihre Eignung gepruft, die Knochenresorpfcion zu herumen, welche an Miiuse- 
calvuricn durch Parathorrhon hervorgerufen wurde; ebenso wurde abgeklart, ob diesc Sub- 
atanzen in thyroparatliyreoidcktomierten/ auf calciumarmcr Diat gehaltenen Ratten in dor 
Lage waren, den durch Purathorniongaheu verursachtcn Blutcalciumanstieg zu heinmen. 
Wcder Orthophosphat, noch Pyrophosphat, Polypho3phat und z\yei poly mere Phosphat- 
inhibitoren dor Phosphatasen konnten die Resorption von Calvarien odor den Anstieg des 
Plasinacalciums hemmen. Dagegen verzogerten verschiedene Phosphonote mit P-C-P-Biu- 
dungen die Auflosung von Hydroxyapatit in vitro und heminten dazu in so tiefen Konzcntra- 
tionen wie l,6xlO~ 6 M die Knochenresorption in der Cev.ebc/.ucht. Einige Diphosphonate 
hemmten auch den Plasmncalciuruansticg bei thyroparathyrcoidektoxnicrtcri Ratten. Eiae 
Ursache der untcrschiedlichcn Wirksamkeit von Substanzen, welche P-O-P- odcr P-C-P-Bin* 
dungen cnthalton, kann darin liegen; daB die letztgenannten einen groBcreri Widerstanrl gegen- 
uber chcmischer und enzymatischer Hydrolyse entgegenbringen. Phosphonate konnten als 
Modcll fur die Wirkung des endogeneu PPj ini Knochcn dienen und zudem zur Erl&utcrung 
der Mcchanismcn von Knochenbildung und -resorption nutzlich scin; sic konnten auch zur 
Therapio jencr Krankheiten, die cine erhohte Knochenrcsorption zur Folge haben, heran- 
gezogen werden. 


Inorganic pyrophosphate (PF*) inhibits both the precipitation (Fleisch and 
Neuman, 1901; Fleisch et al. t 1906b) and dissolution (Fleisch et al, 19G6a) of 
hydroxyapatite crystals in vitro . Since PP* is present in body fluids (Russell et al. % 
19G9) and in bone (Cartier, 1957; Perkins and Walker, 195S); it has been suggested 
that PP[ might regulate the rate 3 of both entry and exit of calcium and phosphate 
in bone and that PPj could thereby influence the rates of formation and destruc¬ 
tion of mineralised tissues in vivo r The amount of PPj present locally on the 
crystal surfaces in mineralised tissues would, in turn, govern the rates of entry 
and exit of the mineral, and the concentration of PP* itself would be determined 
by the local activity of pyrophosphatases in bone (Fleisch and Russell, 19.0). 
These pyrophosphatases would be separately controlled at sites of deposition and 
dissolution of mineral and might be influenced by hormones and other agents. 

Although it has been shown that PPt and longer-chain condensed phosphates 
can inhibit the deposition of calcium phosphate in chick embryo femora in tissue 
culture (FIcisch et al., 1966c) and in various soft tissues in vivo (Gabbiani, I960; 
Schibler and Fleisch, 1966; Schibler el al t 1968), there have been no studies 
reported of the effect of PPi and other condensed phosphates on the resorption 
of living bone. 

The main purpose of the present study was to examine the effects of PP t 
and related compounds on (1) the rate of dissolution of hydroxyapatite crystals 
in vitro and (2) on bone resorption in two systems: , 

a) induced by parathyroid hormone (PTH) in mouse calvaria in tissue culture, 
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and 

b) induced by P'J.’H iu tiipoparathyroiclcctoniised (TPTX) rats TPTY mf, 1 

on . W-caleium diet rvcrc „ sc( , so tllat pl ^ *“il„ tS rt 

asonably be attiibuted to bone resorption. ° 

The phosphate compounds studied ’were* 

,1>rj ““ a ■ J ~"»' 

2. orthophosphate (P,); P, was used as a control substance and because there 

ioS) 1 f inhibiL b ° ne reS0Ipti0n (GoMsmilh and Insba1 '* 

3. polypi,lorctin phosphate and polyocstradiol phosphate; these compounds 

r t*"* .*? »« p'4i..«„e S 

level* of rp, U “" S htn bcon “i’ cctcd *° “«=«* cntloeenous 

p y phosphate* (1'iancis, 19G9; Francis et al., 19G9- Fleisehefa/ 1979, n l > 
b “ been peeled „,at sucll „ ds nii ’ ht be ^“'“ 0 

mvoKc, abnormalities i„ ealchnn metabolism. l\eb,m„erv stXs , 

dtp ,o. n ,b„,« lt .e s shotted that they inhibit dissolution of apatite m“t.b fa rfto 

A fow'ot'tTn n’i'°”b' “‘"e S) ' ,lCmS (FldSCl ‘ 41 al " 19c!l «i Fleheh cl «(., 1869b) 
fa tibs F !;“; h “ VC ' ,0 "' b ““ S '“ dM ‘hoit «£I«fa are deseribeii 

Materials 

wsre ” bUb “ d »- 

the information they mudit vield residin'* thp rh ^ •* I ‘j UK ' r P 4 0s P* l0I V lte . 3 chosen for 

*7£T a sulpIl ‘ lte was from Pfizer and 

Methods 

Effects on Dissolution of Hydroxyapatite Crystals in vitro 
the suspension was filtered and the wet m l ^ M ' barbltaL After equilibration, 100 ml of 

rr.orpho.ph.eL'itUed f 'f* “"«* 

•petite present. One hour late,, the hLh « 
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__ _ ___ lable I. Li st of phosphonates studied 

Name of compound 


Abbre¬ 

viation 


Formula (as acid) 


n-pcntanemonopho.sphouic 

acid 

PiUP 

ethane-I,2*dipho.s])honic 

acid 

E-1.2-DP 

methylencdiphosphouic 

acid 

MDP 


CHjiCHj),—POjir, 

CH a —P 0 3 H a 
ch 2 -p 0j h 2 

■POjHj 


mcthylcnchydroxydiphqs- MH])P 

phonic acid 

dichloromethylenediphos- C| MDP 

phonic acid 2 

ethano-l-ammo-l,l-diphos- EADP 

phonic acid 

ethanc*I-hydroxy-l f I*dipho3- EHDP 

phonic acid 

ethanc-I-hydroxy-1 J f 2-tripho3- E-l-HTP 

phonic acid 


on/ 

x i*o 3 ii s 

/Po 3 ir a 

'PO,H a 


Cl 


< P0,Hj 

'POjHj 


ch,c^nhV 

'PO a H. 

/POJI, 

CH,—C^-OH 

'P0 3 H a 

/POjHj yPOjH, 

CH a /--C^OII 2 

\P0 3 U a 

oh/ po>h - 

\P0 a H a 

'o- 645 VL- 

Njir, \qh 


Po a rr a 


propane-1,1,3,3-tetraphos- 
phouic acid 


PTeP 


conde, V ,a . t ® Conden- C H—C— 
of EHDP w,th aceticandydrido sate I * j 


/ p °,H a 

i 2 <§ 8 * 


7.0. CoSSlTryttabl teeX'hfan identical ?_ 155M *^ Ci containi 'ng 0.01 Jl-barbital at pH 
had been added, were resuspended in a similar maL^'The ^ ?®,- PP { ° V P hos P ha ^e 
and control crystals was measured durin* the subseoTnr 1 of du » ,uti °a of treated 

stirring. Aliquots were removed and filtered at 5 30 rn “Tt at with mechanical 
* Op,* P in the filtrates were deterS^ 

Effects on Bone Resorption Induced by PTH in Meuse Calvaria 
in Tissue Culture 

on a modification^froru 't hiT sLinl^vrvsTlboMtoo- 11 C’ d VvT^W Tabl ® 1 Tt is basod 


CoJu 


ran 



EL-ser 

EL-thr 

EL-Icu 

EL-isol 

EL-va! 

EL-asp 

EL-alar 

L-prolir 

Glycine 

E-cyst ei 
hydro 
L-glutar 


— *-1 
Pen ic 


horse sen 
graph. Th 
Mixta: 
and II of 
column IIj 
dissolved i 
0.22 ml of. 
solution w; 
horse serur 
locally and 
stored frozi 
20% 0 ?> 7; 
for rinsing 
of parathyr 
Parathorruc 
was then ac 
Units/ml. It 
PTH in ord< 
divided into 
compounds 
adjusted to i 
Culture 
old NMKI a 
then incubat 
2 mi of niedi 




Besf^vailable Copy 
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Ij)i— p ?jH, 


v PO J H, 


;0 1 /POjir, 

—- — Cf-POjH, 
OH 1.9 \CHj 


01 M-barbital at pH 
PP t or phoiphomite 
solution. of treated 
n° with mechanical 
d the concentration 
ewhere (Bisaz^fch, 

alvaria 

Table 2. Ifc is based 
gland) of the BGJ 
ad heat-inactivated 


Phosphate Compounds and Pone Resorption 
_Table 2. Composition o{ milium 


Column I 


mg per Column II 
100 ml 


L-yrgimne hydro- . 17.5 

chloride 

L-histidine hydro- 15.0 

chloride 

L-ly^ine 24.0 

L-tyrosine 4.0 

^-tryptophan 4.0 

L-phcnylalanine 5.0 

DL-rncthionine 5.0 

DL-serine 20.0 

DL-threoaine 7.5 

DL-leucine 5.0 

DL-isoIeucine 3.0 

DL-valine 0.5 

DL-aspnrtic acid 15.0 

DL-alauine 25.0 

L-proline 40.0 

Glycine SO.O 

L-cystcine 9.0 

hydroclilorido 
L-glutaznine 20,0 

Streptomycin sulphate 5.0 
Penicillin 10000 units 


Thiamin 

Riboflavin 

Pantothenate 
(calcium salt) 
Biotin 
Folic acid 
Choline chloride 
a-locophcro! phos¬ 
phate (sod. salt) 
Nicotinamide 
By rid ox a I phosphate 
Vitamin B r , 
M-inosilol 

p-aruinobenzoio acid 
Ascorbic acid 
Glucose 
1 Nad 
KCi 
MgS0 4 

Sodium acetate 


nig per Column III 
100 ml 

0.4 KH 2 P0 4 

0.02 Na 2 lIP0 4 -2H s 0 

0.02 NallCO, 


mg per 
100 ml 


0.1 

2.0 

0.02 

0.004 

0.02 

0.2 

5.0 

750.0 

530.0 

40.0 

20.0 


For other additions 


see text 


graph ^^^actual^roc^diire^for D ’° diU " 1 ^ th ° ~ ncentrations bribed in the next para, 
g pn. ine actual pioc..Jure for preparing the medium was as follows: 

and bU,k ’ C " nS [ St f d . of tho ’ e compounds listed in columns I 

colurnn m of Tablf^ bu,k .* consL,tcd of thoso compounds listed in 

,. , , . 0f ■ Lat>lL — >' hen the medium was required. I.ST4 rr of I and n 119 * TT 

dissolved in ICO ml of distilled water. Then 0.2 ml of 1 M-CaC! 1 7fi ml nf n r \T v ur«n U ° r j 

a22 ml of 1 % (w/v) phenol red were added and the volume made to 10 mf with 

90 % 0 75 Y ' / 11 ° h0 y° SCIltn '- the solution was equilibrated with a 5% CO,, 
-O fa. Oj. 7o ,0 N, filtered ga.s mixture and was divided into two lots, one of which was u nd 
for rinsing the calvaria and for the control incubations and the other was token for add £ 
of parathyroid hormone and the various other compounds. The parathyroid' hor- o ; ^H 
Parathormone, Ely Iully, 100 USP Units/ml) was first diluted (1:5) in sterile distill 

old iSnT S € r ( ltqve ' Ca v f Were di3Sccted usm S aseptic techniques from 2-4 day 
Ola iNiilRX mice from our laboratory stock Th» calvaria mm rmc.i • j- 7* aa ' 


i 
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183 R. G. G. Russell, Pv. C. Muhlbaucr, S. Bisaz, D. A. Williams, and H. Flcisch: 

gassed with a mixture of 5 % CO.*, 20 % 0.> and 75 % N*. Tho medium was completely changed 
each day and the tube gassed again. After 4-5 days the calvaria were removed from the 
medium, fixed in 95 % ethanol for at least 2 h and stained. 

Sla ini Jig a nr! Evaluation of Resorption. After fixation, the calvaria were washed in distilled 
water for 1 min and placed in a 5% (w/v) solution of silver nitrate for 2 min. They were | 

then rinsed in water and exposed to sunlight for 10 min. When blackening had occurred they j 

were treated with 5 % (w/v) sodium thiosulphate for 1 min. After rinsing in water; they were 
dehydrated successively in 70, 95 and 100 % ethanol, cleared in xylol and mounted on a slide 
in “Eukitt” under a cover slip. With this technique areas of resorption showed up as clear 
regions against the darkly stained background of tin resorbed bone. A quantitative estimate 
of the amount of resorption was made as follows. The image of each calvarium was projected j 

onto a screen. A grid was placed over the image. The resorbed areas were then counted out 
as those places where clear regions could be seen under the points at which the wires of the 
grid intersected at right angles. The total area of the bone under the grid was determined 
by planimetry and recorded as the number of points of intersection under which any bone, 
resorbed or not, could be seen. The percentage of the total bone rcsorbed was then calculated 
as: 

number of points over clear areas x 100 
total number of points over bone 

The total number of points over the bone lay between 250-500. All the bones were exam¬ 
ined by one observer. Thu 95 % confidence limits for the evaluation of % resoqkion in a single 
bone, when the measurements were made on different days, were within ±2.5 % of the mean 
value. 

Design end Analysis of the Experiment . The two series (Tables 3 and 4) each consisted 
of several experimental runs. In each run of the first series (Table 3) 3 calvaria were controls 
incubated with PTH, and the remaining 21 bones were allocated, usually in pairs, to the 
remaining treatments. Xot all treatments were represented in each experimental run but 
each treatment was allocated to at least 10 calvaria over the scries as a whole. In each 
experimental run of the second series (Table 4) 2 calvaria were controls without PTH, 

6 wero controls with P'i'H and 2 calvaria were allocated to each of the other eight treat¬ 
ments. The design in the second .series, was therefore a balanced randomised block design • -- 

with replication of treatments within blocks. 

Statistical analysis of the observations demonstrated that the mean resorption varied- 
between experimental runs. For the first series in which the design was unbalanced the 
treatment means (Table 3) have been made Comparable by adjustment for run differences. 

These adjustments were invariably small (Table 3). The estimates of the standard errors of 
the mean resorption for each treatment were obtained from the variance component for 
interaction between treatments and experimental runs. 

Effects an Rise in Plasma Calcium Induced by PTH 
in Thyroparathyroidectomised Rats 

Male Wistar rats, weighing 90-130 g, were thyroparathyroidectoiaisod surgically and 
maintained on a diet low in calcium and phosphate (diet 199 OPC obtained from Nafag AG, i 

Gossau, Switzerland, by analysis l.GGg Ca/kg and 3.5 g P/kg). Their drink.ng water was 
supplemented with calcium gluconate (2 % w/v) immediately after operation until day 6 after 
operation. On the fourth day after thyroparathyroidectomy the animals were marked indi¬ 
vidually and placed in groups of 5 per cage. The various treatments with phosphate or phos- 
phonata compounds and the control treatments were then allocated to animals at random and 
given daily over the next three days (day 5-7 after thyroparathyroklectoiuy). All compounds ; 

were dissolved in water and the pH adjusted to 7.4 with NaOH or HC1 as appropriate, so \ 

that tho daily dose could be given, subcutaneously or by mouth, in 0.2 ml/100 g body weight. i 

A dose of 10 mg P/kg body we ight for the phosphonates was chosen since preliminary studies ; 

on two phosphonates indicated that this dose gave a significant effect (Fleisch et cl. t 10G9a; 
Fleischefu?., 1969 b). From day 6 after thyroparathyroidectomy the animate continued to eat but 
were allowed to drink distilled water only. On the eight day after thyroparathyroidectomy no 
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Treatm 


No add 
PTH n: 
PTII -f 

PTH -f 

PTH 4 

PTH ± 

PTII ± 

PT1I + 

PTK + 
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PTII -T 

PTH -f 
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the 5 
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Table 3. Effect of phosphonatca on bone resorption induced by PTH (0.2 U/mlJ in mouse 
___ calvaria in tissue culture 


Treatment 


Co n cen - N u n ib er 

trat ion of 

of pho3- calvaria 

phonate 
{pg P/ml) 


*/o of bone resorbed. 
Mean, not adjusted 
for differences 
between experi¬ 
mental runs 
(see text) 


% of bone resorbed. 
MeaniSE of mean, 
adjusted for diffe¬ 
rences between 
experimental rims 
(see text) 


No addition 

— 

33 

PTH alone 

— 

85 

pth+pmp 

1.0 

13 


10.0 

9 

PT’n + E-1.2-RP 

1.0 

14 


10.0 

12 

PTH + JIDl* 

0.1 

10 


1.0 

12 

PTH + MHDP 

0.1 

13 


1.0 

12 

PTH + CIjMDP 

0.1 

13 


1.0 

11 

pth+eadp 

0.1 

14 


1.0 

12 

PTH + EHDP 

0.1 

14 


1.0 

12 

PTH + E-I-HTP - 

0.1 

12 


1.0 

12 

PTH + PTeP 

1.0 

13 


10.0 

10 

Pl'il Condensate I 

0.1 

12 


1.0 

12 


8.5 

8.7 ± 0.9b 

21.3 

21.3 ±0.7 

24.0 

24.0 ±1.8 

17.6 

18.1 ±2.1 

21.4 

21.1 ±1.7 j! 

19.4 

19.G±'1.8 !' 

19.4 

20.3 ± 2.0 

16.2 

15.3± 1.9 b 

1C.3 

16.9 ± l.S 6 

10.3 

9.7 ± 1.9b 

' 10.1 

10.9 ± 1.8 b 

10.2 

9.6 ± 1.9 b 

1S.C 

19.6 ±1.7 

14.6 

13.7± 1.9*> 

13.7 

14.6 ± 1.7b 

11.7 

10.9 ± 1.9b 

18.7 

19.4 ±1.8 . 

16.6 

15.7 ± 1.9b 

24.7 

23.7 ±1.8 

.. ,17.5 ; 

. 17.8 ±2.0* • 

16.8 

17.6 ±1.8® 

16.2 

16.2 ± 1.9b 


redUCti0n in mean % resorption compared withPTK alone is significant at 
I4 n fc C T 3 reduCti ° U “ mean % resorption compared with PTH alone is significant at 


nSi = •" CO , ClpOUUd3 W6rC given - A bIood 3am P^ was taken from the retro- 

orbital sinus and the animals were then injected once subcutaneously with 50 USP units 

e " t r t l*™- Pa -^or-mono ( Lilly. Indianapolis. USA) per S 
body weight. Sis hours after th? injection of PTH, a second blood sample was taken Calcium 
m p a..ma was uternuned by titration with L'DTA using calcichrome (Bisax et al„ 19G3) as 
an indicator (for tne results in Table 5) or (for the results in Table 6) by atomic absorption 

TabtTa^' FfS “r M ° del 290BK T ' V ° carried out L ShSTi 

with each nth V" Mperilnea . t ( Table 5 ) ** Parent phosphonates were compared 
? ac i a 5 ^ S , 2C ? Qd ® Sp , erunent < Table 6 > P l- pp f Polyphosphate, polyphloretin 

Ltes Ph n* me?v d^t!? P h . 03 - Dliato compared with one of the most activjjhoapho- 
te3,n_me!yC. 2 M). The differences, between the mean plasma calcium values La the 

phona l r L C nT S V ^ r * ceivin Z no or PTH plus phosphate or phos- 

SZTL ° % f "' ere * sam,laed statistically, using a pooled estimate of variance to 
assess the evidence for an effect of the phosphate or phosphonate compounds on the changes 

13 Calc. Tfca. R«., Tol. 6 ° 
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K. G. G. Iiussell, R. C. Muldbaucr, S. Bisaz. D. A. Williams, and H. I'leisch: 


--1_ J u l nU ) W Wot^j calvaria m tissue culture 


Treatment 


Coucen- Number of 

tration calvaria 

of compound 
added 
(Hg P/ml) 


% of bone 
resorbed mean 
± SE of mean 


No add ition 
Polyphosphate alone 
PTH alone 

FTH -(- orthophosphate 
PTH *f polyphosphate 
I’T^ 4* polyphloretin phosphate 

pth + mjdp 


32 

16 

32 

16 

32 

10 

0.1 

1.0 


IS 

6.S±1.8 a 

17 

14.3 ±1.1 »i> 

53 

•25.9 ± 1.8«> 

IS 

23.8 ± 1.8 b 

IS 

23.7 ± l.Sb 

18 

28.5 ± l.S b 

IS 

24.1 ± 1.8b 

IS 

24.3 ± 1.8b 

IS 

19.1 ± l.S ab 

IS 

15.4 ± 1.8»b 


the redU ' M ° a in mean % resor P tio “ compared with PTH alone is significant at 

sigiiificant a^tho^rie^r 6 ^ mCan % resor I Uou . COI,l P are d with control (no addition) is 


Sum measured I° Ild ph “ ph I 0nates 011 the 

variance. “ 8 ° n Weru a exanllnccl using a pooled estimate of 

Results 

Dissolution of Hydroxyapatite Crystals 

civ-dak C - fieC< v ° f thC V , an0US pho,p!l01iatcs ori tbc dissolution of hydroxyapatite 

exS Lnlpp 0 VlfT? "? Fi ° L UndCr thC paitiCU,ar ^tions of tins 
imnD il 1 ! ‘ bited dLS5oluti0n to the greatest extent. MDP, EADP EiLDP 

a DP ™ E 7i CaUSCd a “«•* of d,™: 

t0 a smaucr extent ’ wheleas PMP - c - 

Hesorption of Calvaria in Tissue Culture 
T he effects of the phosphonates on the resorption of mouse calvaria in tissue 

an eel-1 “ Tab ° 3 ‘ Parath I Toid hormone added at 0.2 U[ml induced 

jj j r de ‘^p bl " ' 6 !°' Ptl0a m Such bones in culture. Four compounds, namelv 
II P, CI^IDP EHDP and Condensate I, produced a significant inhibition of 
this resorption when added at 0.1 M P/ml. These compounds were also inhibitory 

and 'v'iSrv E ? d 4 COncentratlon three othei ' compounds, MDP, EADP 
and E-l-HTP, also had a significant effect. PTeP produced a significant in- 

iubition at 10 pg P/ml, whereas compounds PMP and E-l, 2-DP had no inhibitory 

nhWt ^.TT tl S tl0n ‘ TabI ° 4 Sh °' VS that P " Polyphosphate and pol y. 
p - in p osphate did not inhibit the bone resorption induced by PTII even 

mm! VHPT , a n d ;d l] C ° nC ! ntration3 up t0 32 PS P M In this series of expert, 
meats MDP at 1.0 ug P/ml inhibited bone resorption as it did in the first series 


Fig. I. 
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Fig. 1. Effect of pro treating hydroxyapatite crystals with phosphonate3 (see Table 1 for 
symbols) or with pyrophosphate (PP t ) on the subsequent rate of dissolution of the crystals 
in vitro . The figure shosvs the concentrations of calcium (Ca) and phosphate (P), and the 
CaxP product, in solution at various times after adding treated crystal to a buffer initially 
containing no calcium or phosphate (see text for details). Each point represents the mean^ 
standard error of mean tor at least 4 separate experiments (9 experiments in the" case of 
control non-treated crystals—denoted C) 
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K. G. G. HusscII, 11. C. Muhlbauer, S. Bisaz, D. A. Williams, and II. FIcisch: 

Tab!c5. Effect of various -phosphoncites on plasma calcium (mgflOO ml) rneasured before and 
after injection- of parathyroid hormone (PTII, 500 USP Unilsjkrj body weight) into thyropara- 
thyroidcclotniscd ra(3 . Phos phonates were given daily at 10 mg Pjkg body weight for three days up 
to but not including day of injection of PTII 


Treatment 

Initial plasma calcium before 
injection of PTII 

Change in plasma calcium 

6 h after PTH 

Number Mean 
of 

animals 

±SEof 

mean 

Number Mean 
of 

animals 

±SE of 
mean 

No treatment 

PTfL alone 


5} 

6.5 

±0.2 

IS 

52 

-0.5b 

±1.8 

±0.3 
+ 0.2 

pit[±pmp 

s.c. 

11 

6.1 

± 0.5 

11 

±2.0 

+ 0.4 

Fi'il 4- l'.M P 

p.o. 

10 

6.1 

±0.5 

10 

±2.3 

±0.4 

PTH + E-1.2-DP 

s.c. 

10 

5.9 

±0.5 

10 

±1.5 

±0.4 

FriT±E-l,2-DP 

p.o. 

9 

8.3 b , 

-f* 0.5 

3 

±1.1 

±0.5 

PTH±M_DP 

s.c. 

7 

5.6 

±0.0 

7 

0.0* 

+ 0.5 

PTH ± 3UDP 

p.o. 

U 

6.6 

±0.5 

10 

+ 1.8 

±0.4 

FTH -r-MH’j;]? 

s.c. 

3 

4.7 

±0.9 

3 

±0.1* 

±0.7 

FTit-rMUOP 

p.o. 

11 

6.1 

± 0.5 

11 

+ l.s 

±0.4 

FTH 

s.c. 

12 

5.6 

±0.5 

12 

±0.1 b 

±0.4 

For -rCumr 

p.o. 

10 

5.7 

± 0.5 

10 

±0.S a 

±0.4 

FTH ± EADP 

8.C. 

10 

7.6 ft 

± 0.5 

10 

— 0.5 b . 

±0.4 

FfH EADP 

p.o. 

9 

6.9 

±0.5 

3 

±1.8 

±0.5 

FTH -}- EHDP 

s.c. 

12 

8.4 b 

±0.5 

12 

±0.S a 

±0.4 

PTil + EHDF • 

p.o. 

' 11 

6.5 

±0.5 

11 

±1.4 

±0.4 

PTH + E-l-HTP 

8.C. 

8 

7.8 a 

±0.6 

8 

±2.0 

±0.5 . 

FTH -f-E-l-HTP 

p.o. 

12 

6.2 

±0.5 

12 

±1.6 

±0.4 

FTH -f- Fl’eP 

s.c. 

9 

7.2 

±0.5 

9 

+ 1.9 

±0.4 

PTH + PTeP 

p.o. 

7 

5.8 

±0.6 

6 

+ 1.2 

± 0.5 

PTIICondensate I 

s.c. 

11 

8.G b 

± 0.5 

11 

+ 1-9 

±0.4 

FJL'H ± Condensate I 

p.o. 

11 

6.7 

±0.5 

10 

+ 2.1 

±0.4 


4 Indicates that mean is significantly different from control mean at 5% level. 
b Indicates that mean is significantly different from control mean at 1% level. 

Control--no treatment ± PTII alone for initial plasma calcium. Control — PTH alone for 
change in plasma calcium. 


(see Table 3), bi t, in addition, the 0.1 jig P/ml dose was also effective. Addition 
of polyphosphate at 32 |ig P/mi in the absence of PTE caused a significant 
enhancement of bone resorption as measured by thus technique. 

The method used to assess bone resorption in tissue culture proved both 
sensitive and reliable. There was a close similarity between the quantitative 
response of the cal van to PTE in the two series of experiments shown in 
Tables 3 and 4. In preliminary studies in collaboration with Drs. J. Reynolds and 
C. Minkin using calvaria from mice injected with 43 Ca, both C1 2 MDP and EEDP 
slow the release of 43 Cc and K Ca from such bones in culture. 

Effects an Calcium in Thyrcparaihyroidectomised Rats 

J. Effect on the Increase t'*i Plasma Calcium Induced by PTH . In both experi¬ 
ments PTE given at 50 LSI’ units/100g body weight induced a significant rise 
in mean plasma calcium ov- 0 hours (Tables 5 and 6). This rise in plasma calcium 
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Table 6. Effect of orthophosphate, pyrophosphate and various polymeric phosphates on plasnia 
calcium (mgjlOO ml), before and after infection of parathyroid hormone (PTII, 500 USP 
Unitsjkg body weigh!) into thyroparathyroidectomiscd roU. All compounds given daily over three 
days up to but not including day of injection of FT FI 


Treatment 


Dose 
mg P/kg 
given 


Number 

of 

animals 


Initial plasma 
calcium before 
injcctiou of PTII 


Change in plasma 
calcium 6 h 
after PTII 


S.C. 


Mean 

±SE 
of mean 

Mean 

±SE 

of mea 


131 

6.3 

±0.1 

-1.1* 

±0.3 

_ 

41/ 

+ 2.5 

±0.2 

10 

12 

6.3 

±0.3 

±2.3 

±0.3 

30 

15 

6.1 

±0.3 

±2.9 

±0.3 

10 

14* 

6.7 

±0.3 

± 3.0 

±0.3 

30 

12 

6.6 

±0.3 

±2.4 

±0.3 

10 

13 

7.0 a 

± 0.3 

±2.5 

±0.3 

30 . 

15 

7.1*> 

±0.3 

±2.3 

±0.3 

30 

14 

6.2 

±0.3 

±3.0 

±0.3 

30 

12 

6.8 

±0.3 

±2.1 

±0.3 

10 

11 

5.3* 

±0.3 

0.0* 

±0.3 


No treatment 
PTH atone 

PTH + orthophosphate 
PTH ± or thophosp! ia te 
Fl’H ± pyrophosphate 
PTH.± pyrophosphnto 
PTH ± polyphosphate 
PTII ± polyphosphate 
PTH ± polypblorctin phosphate 
PTH ± polyestradiol phosphate 
PTII ± C1 4 MDP 

* Indicates that mean is significantly.different from control mean at 5% level, 
b Indicates that mean is significantly different from control mean at 1% level. 

Control —no treatment ± ITH alone for initial plasma calcium. Control = PTH alone for 
change in plasma calcium. 


was partially or completely prevented by 5 of the phosphonates, namely M])P, 
MHDP, CljMDr, EADP and EHDP, all given subcutaneously. C1 2 MDP was also 
effective by mouth (Table 5). The other phosphate and .phospbonate compounds 
had no significant effects (Tables 5 and G). 

2. Effects on Initial Plasma Calcium before Injection of PTH. Some of the 
phosphate compounds had significant effects on the plasma calcium measured be¬ 
fore injection of PTH. These values were obtained about 20 hours after the last 
injection of phosphate or phospbonate compounds. There was evidence for an 
increase in mean initial calcium compared with control (pooled values from con¬ 
trol and PTII only) with the polyphosphate at both doses. Significant increases 
from control also occurred with five of the phosphonates, namely E-1,2-DP p.o., 
EADP s.c., EHDP s.c., E-l-HTP s.c. and Condensate I s.c. CljMDP caused a 
depression in mean initial calcium in both experiments (Tables 5 and 6) but this 
change was statistically significant only in the second experiment. 


Discussion 

The main results of the various experiments are summarised in simple form 
in Table 7. Several phosphonates retarded the dissolution of apatite crystals 
in vitro as did PPj. Some of the phosphonates also inhibited bone resorption in 
tissue culture, even when added at concentrations as low as 1.6x10 . Under 

similar experimental conditions, P,, polyphosphate and polyphloretin phosphate 
did not inhibit bone resorption, even when added at much higher concentrations. 
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factor that determines biological activity in the rats, since the larger phospho¬ 
rates, e.g. E-l-HTP, PTeP and Condensate I, did not prevent the effects of 
PTII in the TPTX. rats. Failure to gain access to the site of action on account of 
molecular .size may explain why the phosphatase inhibitors had no effect in any 
of the systems. The failure of the condensed phosphates to inhibit bone resorption 
may be related to the ease with wliich they are destroyed by enzymes. It is other¬ 
wise difficult to understand why they should fail to act under circumstances 
where the closely related diphosphonates are effective. PP lt for instance, is very 
rapidly destroyed when given to living animals (Ju ngetal., 1970), whereas the 
phosphonates have proved resistant to all enzymes so far tested. Phosphonates 
containing single C-P or P-C-C-P bonds (PMP and E-1,2-DP, respectively) were 
inactive in all systems. Tliis strengthens the view that the P-C-P structure is 
required for the cfleets on crystal dissolution as well as in living systems. Indeed, 
in the light of all available evidence, the most plausible explanation of the effects 
of the phosphonates on the calvaria and in the thyroparathyroidectomiscd rats 
is that they retard the dissolution of boiie crystals and thereby prevent para¬ 
thyroid hormone from exerting its full effect. However, other possible mechanisms 
of action cannot Lc excluded, such as effects on cell metabolism, enzymes, or 
cellular ion transport systems. - 

The lack of effect of orthophosphate (P 4 ) on bone resorption in our experi¬ 
ments is interesting in view of the current therapeutic use of P 4 to reduce hyper- 
calcaemia (Goldsmith and Ingbar, 19GG) and to accelerate fracture healing 
(Goldsmith etal, 1967) in man. Raisz and Niemann (19G9) found that Pi does 
inhibit bone resorption in tissue culture, but they used a larger range of concen¬ 
trations of Pj and a different experimental system. 

It is also interesting that some of the compounds wliich were unable to inhibit 
the effect of PTII on plasma calcium in TTTX rats did, however, cause changes 
. ip the. initial plasma cajciumjneasured before- PTHywas given. Thus, E-1.2-DP, 

* EIIDP, EADP, E-l-HTP, Condensate 1 and the polyphosphate all increased the 
initial plasma calcium. In contrast C1 2 MDP depressed the initial plasma calcium in 
the TPTX rats. The reason for these effects is unknown and further studies will be 
necessary in order to define the effects of these compounds on calcium turnover 
in bone, kidney, intestine and other tissues. 

The observation that stable compounds related to the condensed phosphates 
inhibit bone resorption strengthens the hypothesis that endogenous PP* in bone 
may be important in the physiological regulation of bone resorption. The diphos¬ 
phonates may prove valuable tools for elucidating mechanisms of bone formation 
and resorption and may provide a convenient model for studying the effects of 
PPj in bone. These observations may also provide a basis for the rational therapy 
of human diseases in wliich calcium metabolism is disturbed. 
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96; S2309* Tri a lkyl-(l,2,3-triazolyl)-tln compounds s.a 
biocide containing these compounds. Krueger, Han, rUl ^ 
Schroeer, Ulrich; Baumert, Dietrich; Joppien,' Har^t 
(hchering A.-G.) Ger. Offen. DE 2,936,951 (CI.C07F7/" 2 I > 
Apr 1981, Appl. 10 Sep 1979; 44 pp. Stannyl^ 


nN s.y 


1,2,3-triazolea with distannoxanes gave 30 stannyltriazole, I it 
= cyclohexyl Bu; R. = Ci-,o alkyl Cm alkenyl, ,2 l 
subatituted alkyl; n = 0 - 2 ). Thus, 0.015 mol (fesShW •,R t ; 
cyclohexyl) was refluxed 3 h with 4-(methylthio)-l ,2 3 -, 

OHIO mL ac one g ve 83% 1 (R “ R‘» 

r? 6: 5 i 2 .l l0t 2 -Vin y , -. N -acylanilines. Kawaken Fine Cherniy 
Co., Ltd. Jpn. Kokai Tokkyo Koho JP 81 8 fi i n 
C07C103/34) 13 Jul Appl. 79/162,255, 14 Dc’c 19;^ \ 

pp. 2-Vinyl-Af-acylandines were prepd. by trealmer.lrf ^ 



complexes I (R* Rz, R, = H , Cl, Cm alkyl, or alkoxy acsl- 

te W r Cl -,r kyl ’ X *= C - amd res^du,?.^ 

CH 2 .LZY (Z ® H, Ci-« alkyl, aryl, cyano, acyl, acyloxv Y a 7 ^* 
alkoxycarbonyl). Thus, Af-acetylanilinoaceu.xycycloDllI^" 
duner (19, 0.0016 mol) was refluxed with styrene (0 312 
mol), and EtsN ( 1.0 g, 0.01 mol) in PhMe (10 mL) to g ve*^ ! 
conventional workup 59.6% 2-acetamidostilbene. * ’ ^ * 

9 f f 0 /., P n a n p „ er ® of in * eres ‘ 8ec also Section: 

>2 VtwZ n t 1 UCt ^ r i! data bank and ils »*e- 

oj SJSJ?? ~ ola of dl '«yKen as an uctivntor In olefin metatK- 
** 1 '» 18511 Conjugate addition of trialkviulumimim Z fr' 

0 " 01 ph " BphntB of l-l-dicurlxinyl Jm!^ 

5I856.V 1 he chemistry of 4.4-dinlkylcyclohex-y-,., v i 
, ) f h -r, y ,n ar b, enC8 b y Phenylcarbene rearrangement. ’ ^ 
-H oJ-lOv Isoxazoles as /j-diketone symhons. SHeciiv,. . 
lormation on 3,5—dialkylisoxazoIes. 1 

52243 h 1,3,2-Thiazaphospholidin-2-ones dcrivefJ from 

at ? rCOchcmistr - v of finn-ouening rtarti,^"^ 


of 

30 


,■ . " W V. mcoinnm, agents* ,ti* r u. . 

s «bcylic and benzoic acids. 

•-..519c 1 hernial reactions of B-alkyl-9-N»rnl)i C ycl»|;i.;i. l 


l )nMTit0f 


19-BBN). E 
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tt 525681 Sti 
reserpine. 

JS J5775r A1 
complexes of 
intermediate. 
35780p Zii 
35813b Sy 
35824 f Sy 
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& .Industrial. 
41 40455r Bit 
role of meth 
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41286y U1 
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Kterization or 


* 5 ; 5251 lu R 
•csquitcrpenei 
Mpporo, Japar 
0), 893-908 
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«ish 80 refs. 

96: 52512v Tt 
^drocarbons. 
xaia4 fused sa 
■CoU- Eng., KinJ 
Vfa-feyu Hokoki 
>-ptnene, 2(10)- 
mxed fused in 
t£.6K/4E,6Z)~ 
iiiydroinyrcene 
^cymene was 
f-carene. 
jNf: 52513w N t 
**ihyl-3-(2-pl 
•nd methyl (4 

N. G.; Jos 
a B. (Natl. Cht 
Sect. P* i 

R v i 


ti^rvpenyl)cyclop 
;1 R » Ph, Me, i 
wiiich was ob 
X. - CHsCOaMe 
52514x Pac 
Titpfvay roots. S 
Kimurn 
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L‘X: 17506If Organic silicates. Mataumoto Seiyaku Kogyo Co., 
Ltd. Jpn. Kokai Tokkyo Koho JP 58.216,194 [83,216,194] (Cl. 
C07F7/08), 10 Dec 1983, Appl. 82/99,569, 10 Jun 1982; 6 pp. 
Hardening urg. ailicatw ware comoosed of Z2 SiOR (R » satd. or 
unHutri org. radical), Z'2 SiNCO, and optional metal chelates, 
aiKoxiden or acylales. Thiis, a mixt. of 10 wt. parta Si(OEt )4 and 2 
■vt ports SiiNCO)* was stirred at room temp, under N to give a 
. ' iorlefta liq., which showed no color charge in 3 mo and hardened to 
a colorless film in 15 min. 

175062ft Pharmacologically active bisphosphonates and 
^ihurmaoeuticais containing these substances, institute Gentili 
: >.p.A. Belg. BE 896,453 (Cl. C07F), 01 Aug 1983, IT Appl. 
«2/2(),781. IS Apr 1982; 24pp. Phoephonytation of H 2 N(CHs) n C(5,H 
= 3, 1) wve HiNtCHaKClPfOHOHhljOH (I). Thus, HjN(CHi).COjH 
an d POCla 16.5 in PhCl gave I (n ■ 4) 12.4 kg. 
FsC[P(0)(OHs)i was also prepd. I inhibited urinary calculus. The 
for l (n => 3) was >2,000 mg/kg per os in mice. 

SCO: 175063H TMophoaphoric acid esters and their use. Sehring 
Richard; nuck, Wolfgang; Prokic-Immel, Ricarda; Lust, Sigmund 
■.'.ttounercl: G.m.b.H. und Co. K.-G.) Ger. Offcn. DE 3,223,949 (Cl. 

>9 Dec 1983, Appl. 26 Jun 1982; 16 pp. Thiophosphates 

fl'il . ..ci 


Chjzn* | 




\=/ 


CM,SMc 



v; 3 £ample of a trimei^tetramer bi(cyclophosphazene). 

100: 175058k Chemistry of boron. Part 144. Synthesis and 
structure of a BcNr-phenalene. Gasparis-Ebeling, Theo; Noeth, 
■Heinrich (Inst Anorg. Chem., Univ. Muenchen, D-8000 Munich, 2 
F*d. Rep- Ger,). Angew. Chem. 1984, 96(4), 301 (Ger). 
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MmSIkL ^NSIM*a 
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Oyciization of MejSiN(SnMes)j with B(SMeh gave 86% I (R = SMe) 
iU) which was treated with BCb to give I (R * Cl). The crystal 
structure of 11 was detd. 


.00: 175059m Simultaneous manufacture of trialkylboron and 
MkyMihaloaluralnum compounds. Synoradzki, Ludwik; Bolealawski, 
Mnrek; Pasynkiewicz, Stanislaw; Jaworski, Krzysztof; Zawadzki, 
M;c;:iyslaw; Katajczak, Lucjan (Politechnika Warszawska; Instytut 
•A-.>*.k:ej Syr.tezy Organicznej "Blachownia") Pol. PL 120,074 (Cl. 
v ;j;?P5/06i ; 25 Jul 1983, Appl. 215,916, 28 May 1979; 2 pp. 

: .}d> i.:id RAlXj were prepd. simultaneously by reaction of B 2 O 3 with 
, 4 !CL;uiuikyLhlurottluminum. Thus, a mixt. of 500 g MejAbCb contg, 
*'50% M*rA 1Cb und 25 g B 2 O 3 was stirred 10 h at 170° to give 38.1 g 
MasB raid 298 g MeAlCfc. 

i00: 175060c Substituted pyridinyl phenyl ethers and their 
pestictdal use. Foerster, Heinz; Klauke, Erich; Priesnitz, Uwe; 
Rtubrtl, Hans Jochem; Eue, Ludwig; Schmidt, Robert Rudolf 
(Bayer A.-G. ) Ger. Offen. DE 3,221,214 (Cl. C07D213/64), 08 
Dei: 3.983, Appl. 04 Jun 1982; 64 pp. Title compds. (I) [R “ CFj, 


I (R » Cl, Br, F; R», R* = C 1-3 alkyl; R3 » Ci-s alkyl; Z * S, 

1,2), useful as insecticides and acaricides, were prepd. Treatm* 
2,4^C1(C1 CHj)C«H30Ac in MeOH with NaSMe at 5—10° and keeoim 
3 h at 50° gave 85% 2,4-Cl(MeSCH2)CflH 8 OH which was esterSS 
with ClP(0)(OEt)SPr in PhMe previously treated with NEta at 40* 
then 4 h at 60° to give II. At 100 ppm, II killed 100% PluttUa 
maculipennis and Prodenia litura and 99% Tetranychus urticae, 

100: 175064J N-Phosphonomethylglycine. Felix, Raymond Anthcnv 
(Stauffer Chemical Co. ) Eur. Pat. Appl. EP 97,522 (Cl 
C07F9/38), 04 Jan 1984, US Appl. 391,033, 22 Jun 1982; 14 pp 

CHjCN 

r""i 

NCCHjN^^NCMiCN f( 

H02CCHjNHCHaP(0)(0H)a (I) was prepd. from triazine II. Thu* ]1 
was treated with AcCl to give 79.85% NCCHaNAcCHaCl which w«* 
treated with (MeObP to give 79.32% NCCHaNAcCH2P(0)(0Meh 
(III). Acid hydrolysis of III gave 35.49% I. 

100: 175065k Tertiary haloalkyiphosphine oxides. Lee, Fin 
Tseng Huang (FMC Corp. ) Eur. Pat. Appl. EP 98,251 ’ (Cl 
C07F9/53), 11 Jan 1984, US Appl. 392,901, 28 Jun 1982; 15 pp 
Tertiary haloalkyiphosphine oxides were prepd. by oxidative halogenatioo 
of tertiary hydroxyalkylphosphines. Thus (HO(CHa)3]3P was treated 
with HC1 gas to give chlorinated [HOtCHahbPO as the major 
product. . 

100: 175066m N-phosphonomethylglycine derivatives and her= 
bicidal compounds and compositions. Bakel, Izhak (Geshuh 
Laboratories Ltd.) Eur. Pat. Appl. EP 98,034 (Cl. C07F9/38) 11 
Jan 1984, IL Appl. 66,137, 25 Jun 1982; 29 pp. HOaCCHaNHCc 
HaP(0)(OH)a.R^C(:NH)NHRi (I, R » Ph, alkylphenyl, halophanvii 
were prepd. bw oxidizing (H(K3CHa)aNCH2P(0)(0Hb.RNHC(NTH)mmi 
(II), Thus II (R ■ Ri ■ ph) was oxidized with 30% HaOa at 70* 
for 2 h to givs I (R - Rt - Ph) quant. % 

100 : I75067n 2,2-Bis(haloalkenyl)-l-substituted-l-dialkoxv- 

phosphoroethylene fungicides. Ho, Andrew W, (Chevron 
Research Co. ) U.S. US 4,427,667 (Cl. 424-210; A01N57/18) 21 
Jan 1984, Appl. 361,651, 25 Mar 1982; 9 pp. RO(RiO)P(X)CR»-r- 
(SR 3 )SR 4 (R, R 1 50 alkyl; R 3 =» cyano, alkoxycarbonyl; R3 * 
alkenyl, haloalkenyl; X ■ O, S) were prepd. Thus (EtO)aP(0)CH?C\ 
was treated with CSa and cw-ClCHaCH:CHCl to give (EtOlaPfOiC- 
(CN):C(SCHaCH:CHCl)a which at 250 ppm gave 63% inhibition ^ 
Plasmopora viticola on Vitis vinifera. 

100: 175068p (Dl)thiophosphoric and phosphoric acid derivatives 
compositions containing them and their plant protective use. 
Staehler, Gerhard; Knauf, Werner; Sachse, Burkhard; Waltersdorf#r 
Anna (Hoechst A.-G. ) Ger. Offen. DE 3,228,631 (Cl. C07F^/2n’ 
02 Feb 1984, Appl. 31 Jul 1982; 25 pp. (Amidocarbamoyl)methyi 


r 

PSCHiCONCOR 4 
Ri'« 


M*0 M* 

PSCHaCOH^ 

M* f CHNH \ha 


;• K.U;K‘ * H,Me^ « CHO, CH(OR0a, COa(CR»R«) m (CRW)«R»: 
1 -!-4 rtJk-vl or (R 4 R 4 **) C 2-3 alkylene; R^ = H, C 1-4 alkyl; m 3 1 
” (: or 1;R* * MeaSi, (un)substituted tizolyt, phosphoryl, etc.] 
v '! e , r ^ aa herbicides, by treatment of the appropriate acid, acia 

'.:h:oric'i;, or phenol with the appropriate esterifying or ethefifying 
Thus, the corresponding acid and MesSiCHaOH in the 


thiophosphonates and -phosphates I (8 ? Cn alkyl, Ri 0 q. 
alkoxy, alkylthio, alkyl- or dialkylamino; Ra, R3 => C^'alkvi S 
cydoalkyl, benzyl, furylmethyl; R* = C1-4 alkyl, Ci- 3 alkoxymethvl « 
alkylthiomethyl; X . - O or S) were prepd. (97 in all) and shown Z 
have fungicidal and insecticidal activity. Thus, 18 g MejCHNHfM.- 
0)P(0)SK and 14 g CICHaCONMeNHAc in 150mL MeCN 
refluxed 10 min to give the ester II. n 

100: 175069q Bromine-substituted triaryl phosphates. Bocrn'K 
& Y^ ' ^ 8ltac h. Ya. L.; Chekmareva, T. I.; Ermflins 
N. I. U.S.S.R. SU 1,065,419 (Cl. C07F9/12), 07 Jan 1984 a£ 5* 
3,399,463, 19 Feb 1982, From Otkrytiya, hobret., Prom. 0bra2t»\ 
Tovarnye Znaki 1984, (1), 106. The title compds. are prend hv 
brommating triaryl phosphates with Br with heating. The uptake d 
mn'VJi*™ 886 ? by hrominating in a bromide-bromate medium at « 
(2.3-9,0):l molar ratio of Br and Br salts in the presence of biovriHvt 
as a catalyst at 65-100®, and the spent bromide-bromate mixt 
returned to the process after reinforcing with bromates. 

100: 175070h Phosphonitrilic acid esters. Otsuka Chemical Cn 
Kokai Tokkyo Koho JP 58,219,190 [83,219,1901 (rf 
C07F9/22), 20 Dec 1983, Appl. 82/102.436, 15 Jun 1982; U S 
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The Utle estew. e.e„ I (R - H), were prepd. by esterification u 
halidee II (X = halo) with MeOCeH.OM (M = Na, K) follow^ £ 
hydrolysis of the resultant I (R = Me) with pyridine HX salts TK, ' 
a sola, of 1 mol II (X » Cl) in THF was stfrred wkh a sdn ot u 
m °J ^ e 9? 6 ? 4 ° H ? nd 2 2 mo1 Na •" THF at room temp, to 
and THF d'etd. to g,ve 98% 1 (R - Me at 4-position), which ,0i 
mo!) was heated with excess pyridine HC1 at 205-210° to give 82>* I 
. T.^—position), which was treated with opichlorohydrir. >• 

‘ fl l V 00 ® 1 l' 7507 n X T* t ir!fc y i‘ ! L her ( i!i R " K^.'dy 1 “ l 4-positioii). 

100. 175°71j Trlalkylphosphines. Nippon Chemical lndu.i ri ' 

Co., Ltd. Jpn. Kokai Tokkyo Koho JP 58,222,097 [83J222^r*7j 
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< Paris, 

HiP(0){0»» 


Hi . Me. &• 
1 CH(0Mf‘k 
ICH*: R - R 
i obtained • 
filh I dern« 
jut by bulk* 

oxymelbjM 
1 Kukhar.' 
whim. I* 7 * 
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4- hvdr- 
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i, 


rv" f r 

I > - (CM/HPM.* 
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^iylph.*pholaniam halides with NaNHj in boiling THF, is 
-«mc,labile and slowly dimerizes with ring urening and 
^ n .V°i| of the double ylidea 11 and III. Due to the 
^riibi Uy 0 r this dirnerizntion, II and III nre not obtained free 
' 1 r can l,c vin the corresponding phiw.phonium 

r».;. , *trut;turc of I was supported by spectral duta and an 
ffl*^i?h r <i 1 i C i ure nnn h °f the gold complex IV. 
bn w n f Compounds structurally re In led to comploxones, 
• Vk Rfoporatiou and characterization ora new llgund 
Iphosph Ined I acetic acid, Hod In hove, Jana (l)ep. 
'I s ' Charles Univ., Prague, Czech.), Cotlvvt. Czech 

twnmun. 1978, 43(1), 57-63 (Eng). PhP(CH,CO»H)j 
^prepd by reuction of the Reformatsky reagent with PhPCIa, 
-cowed by hydrolysis of the aster formed. The reagent was 
^ in «tu from 2n and BrCHzCOaKt. E. Erdos 

■ 170244s Some monocyclic and spirocyclic fluorophos- 
wsnes containing 6 - and 7-membered rings. Littlefield, 
r o; Doak, G. 0. (Dep. Chem., North Carolina State Univ., 
N. C.). Phosphorus Sulfur 1977, 3(1). 35-9 (Eng). 


CM3 


» iv!pe** ctl0n °f dioxysilenin (I) and dioxysileptn (II) with 
I li r ( ,!,k av ® the expectedwnonocyclic fluorophosphoranen (III) 
ii ZV*”h Reaction of the^ame ailoxy compds. with PR* gave 


. — —- »il»*y compds. with PR* gave 

wrducta which could not be purified hut whose **F NMR 
wetrs suggested that the desired spirocyclic compds. were 
S ' n the impure products. Reaction of the siloxy compds. 

J »Ji PltPF< did noi yield identifiable products, 
i Hear t ions of bti Of-chloroc thy I) vinyl phosphonate 

j .- 71 " *5 d*- Nasukin, O. E.; Kormnchev, V. V.; Stepanova. A. 

'* Abramov 1 , A.; Kukhtin, V. A. (Chuv. Gus. Univ. im, 

J |i»fSi ,va - Cheboksary, USSR). Deposited Do c, 1976, 
i 5 l»p- (Russ). Avail. ViNlTl. (ClCHnCHaO= 

5 ^'CHiUMiOsCR (It = o-, p-RrCcH<, 2 -CioHtCH*. o-OzN^ 
i AtHi, HSCHs. ClCHi, CHj:CH, CHsCMe, PhCH:CH. Me) 
f Ti ftyjd jn fh r,. c,| % y i et(ls by heaU (CICHjCHz0l2p(0)CH:CH 3 
at 60° 25 h. 

IP !. I70246u Synthesis und acid-base and complcxing pra= 
of amino-substituted u-hydroxyalkylidcnedipho*phonic 
55*- Knbachnik, M. 1.; Medved, T. Ya.; Dyatlova, N. M.; 
^'wrfov, Yu. M.; Shcherbakov, B. K.; Bel'skii, F. I. (Inst, 
^ntntoorg. Soedin., Moscow, USSR). Izv. Akad, Nauk 
**"''»• W™, IS!). 433-7 (Russ). RR‘N(CHiL(MO“ 
f^l0)(0H)i], (I, H - Rt « H, Me, Et. n “ 2 ; H t R. « H, n = 
*. s .“ H, R l *= El, :i “ 2} were prepd. in -16-57% yields. Thus, 
^ting HiN(CHj)^OzH with HsPOa ond PCb in PhCl ai 100 ° 3 
51% I (R = Ri e H, n « 2). Their acid dissocn. consts, 
?* the stability constB. of their complexes with Ca* + , Co** and 
were detd. 

1] 1 ^‘ 1 17 ^ , * 7v Synthesis and structure of O-alkyl hydrogen 
$Rt*vUeleaophoBphonatcs and their salts. Nuretdinov, I. A.; 
* ul*’ N- A.; Bayandina, E. V.; Loginovu, E. I.; Giniyatullina, 
A- Onst. Org, Khim. im. Arbuzova. Kazun, USSR). l 2 v.. 
ft* Nauh SSSii , Ser. K7nm.' 1978, ( 2 ). 437-40 (Russ). 

bR'0)P(Se)Oll (K ® Me, Et; R' = Kt, Hr, MenCH, Bu, 
VCHCHj) (7 compds.) were prepd. in 51.7-65.7% yields by 
R(R>0)P(0)H with Se in presence of R'ONa or 
! M%iylamine followed hv acidification with HCI. 

170248w Synthesis of 4-phottpho-l, 3 , 2 -oxaa 7 ,u- 5 , 6 -~ 
jywphosphorinnncs. Zeleneva, T. ■ P.; Pallina, S. I.; 
E. R. (USSR). 7.) i. Ohshih. Khim. 1978. 48(2). 

'“6 (UiL-ta). UvctoLuodensntion of <r XVLCHIPfOMORUil" 


X - Cl. Br 1; Ar » 4-Met)t Isll,. -i CICrlL. 1-OzNC.iH, X - fii 
were prepd. These adductt-, an- thennallv Malil- at jiinb ; -'ut 
Ump. but decomu. on expoau:- u, nlm. moimure at var.in- 
(Cl >> Br; AsXsB>^ ArAiiXiUntu). The ml-’oct-i ore ivi.'-'-'-jl", 
drnocil. in Boln. to vnryini; H^n the order ol prep to.- alu't 
toward thioureas is AbB^ > AsCK ArAsIs, ArAsHr- > AiA-CI- 
Trigonnl-bipyrarntdal strurtures on proposed for the addnm?, 
based on vibrational spectra Secondary bonding feadJn,- t . 
loosely mined dimeric mol. mnv occur a? found h-i ' »'**■ 
crystal log. for AHCladmit 

8H: I70250r O- and C-oritonomnialhe iiuinci h . \\(- 
Rractlon of allyl and germyl kctencs with dinxon>*-eh.-m: 


Zip toe vn. G. S.; Bogdanova. Cl S.: Bauko’ 
F. (Musk. On*. Univ,, Mnsotw, UKSI-t) 
1978, 48(1), 131-7 (Huns) 


Yu. 1.. Llltsr*: 

Zh. K»i%. 

Reaction of UCH:CO witn 1 n> i; 


B -A mo 


"rr „ ’tl„ 


CHjNv at -130". gave frtM>3% I (H - Me.Si. Me.,Gc. Kt.qC.O 
1 renting HCHrCO with 2 mixts CH;N; geve 53 M 37 - ,o n 
of II and III (H - Me.iSi, MesPhSi, EtiOe). 

88 : 170251s Reactions of n-oxidcs with organotiii ucylutes. 
II. Koaotion of aplchlorohydrln with dibutyltin di.«llcylv*r. 
Klebanov, M. S.; bhushma, L. V.; Shologon, I. M.; Nikon.- 
L. P. (Ukr. Nauchno-lflsled. Inst. Plasi.. USSR). Zh Ob her- 
Khim. 1978, 48(1), 138-41 (Russ), Treating epichforohydrin 


>N. 


/ 

Bu f Srt 

S 


X!Vlsi ll ?VV& , P disalicylote gave a mixt. of In-CK.’HjCMitjH,- 
CHiOC*H«COj] jhnBua and lo-CICH*CH(OH)CHaOAlC..H < Oi>Sn)k 

(I). I reacU further with epichlorohydrin nod U 7 0 sc, g.ec It 

and o-ClGHjCHtOHlGHjOjClIaiLOH. 

88 : 1702521 Reactions of PhsSnClliClliNMei with rboM-o 
phllic reagents. WardcII, J. I,. (Dep. Chen.., Univ. Abder :>>■ ■ 
Abdordeen, Scot.), inur#. Chi >it Ac.'o 1978, 2fiiD. UP rf-’ 
Treating PhxSnCHjOHiNMe’ with rieei r-, phi I us eittie; d-*.'- •i--- 
Ph from the Sn, or cau^o^ dec mi pi: of ibv tool 
Ph.iSnCHjCHzNMe 7 and EY (RY => HgCh, b; l;t i,n. j , - 
PhaSnYCHrCHsNMe* and PhF t'onversely, trea \ it■.,> ! ’!, -o ; - 
HjCH;NMca with HY (KY *= p-McCsHiSljjCt V'l :- t 

AcCl, Mel) gave PhaSnY. ethyleiu . qnri ENMsi. 

88: 17Q253u Organogcrmunluie. compounds wnl> ,t a.Riij;,; 
o-nnphthyl rndlcalx. Duniler, V. A,; Po;u>o ' :i. t: 
Gribanova. N. V.; Ma/.ilkiim, M, V. (peim Go--; ib, ; - 
USSR), Org, Khitn. 1976, 56-61- dfuss). Rflitt-d l.c . • 
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